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INTRODUCTION

This document describes a systematic review conducted to answer the following question:
What is the relationship between beverage consumption and growth, size, body
composition, and risk of overweight and obesity? This systematic review was conducted by
the 2020 Dietary Guidelines Advisory Committee, supported by USDA’s Nutrition Evidence
Systematic Review (NESR).

More information about the 2020 Dietary Guidelines Advisory Committee is available at the
following website: www.DietaryGuidelines.gov.

NESR specializes in conducting food- and nutrition-related systematic reviews using a
rigorous, protocol-driven methodology. More information about NESR is available at the
following website: NESR.usda.gov.

NESR’s systematic review methodology involves developing a protocol, searching for and
selecting studies, extracting data from and assessing the risk of bias of each included
study, synthesizing the evidence, developing conclusion statements, grading the evidence
underlying the conclusion statements, and recommending future research. A detailed
description of the systematic reviews conducted for the 2020 Dietary Guidelines Advisory
Committee, including information about methodology, is available on the NESR website:
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews. In
addition, starting on page 328, this document describes the final protocol as it was applied
in the systematic review. A description of and rationale for modifications made to the
protocol are described in the 2020 Dietary Guidelines Advisory Committee Report, Part D:
Chapter 10. Beverages.
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WHAT IS THE RELATIONSHIP BETWEEN BEVERAGE CONSUMPTION
AND GROWTH, SIZE, BODY COMPOSITION, AND RISK OF

OVERWEIGHT AND OBESITY?
|

PLAIN LANGUAGE SUMMARY

What is the question?

e The question is: What is the relationship between beverage consumption and
growth, size, body composition, and risk of overweight and obesity?

What is the answer to the question?

e Milk:

o Limited evidence suggests that milk intake is not associated with adiposity in
children.

o Insufficient evidence is available to draw a conclusion about the relationship
between the type of milk (i.e., milk fat content, flavor) and adiposity in
children.

o Limited evidence suggests that higher milk intake is associated with a
greater increase in height compared to lower intake in children.

o Limited evidence suggests that milk intake is not associated with adiposity in
adults.

e 100% Juice:

o Limited evidence suggests 100% juice intake in children is not associated
with adiposity or height in children.

o Limited evidence suggests 100% juice consumption is not associated with
measures of adiposity in adults.

e Sugar-sweetened beverages:

o Moderate evidence suggests that higher sugar-sweetened beverage intake
is associated with greater adiposity in children.

o Limited evidence suggests that higher sugar-sweetened beverage intake is
associated with greater adiposity in adults.

o Insufficient evidence is available to determine the relationship between
sugar-sweetened beverages compared with low- and no- calorie sweetened
beverages on adiposity in children.

o Limited evidence suggests no association between sugar-sweetened
beverages compared with low- and no- calorie sweetened beverages on
adiposity in adults.

¢ Low and no-calorie sweetened beverages:

o Limited evidence suggests no association between low- and no-calorie
sweetened beverage consumption and adiposity in children.

o Limited evidence suggests that low- and no- calorie sweetened beverage
consumption is associated with reduced adiposity in adults.

Why was this question asked?

e This important public health question was identified by the U.S. Departments of
Agriculture (USDA) and Health and Human Services (HHS) to be examined by the
2020 Dietary Guidelines Advisory Committee.
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How was this question answered?

The 2020 Dietary Guidelines Advisory Committee, Beverage and Added Sugars
Subcommittee conducted a systematic review to answer this question with support
from the Nutrition Evidence Systematic Review (NESR) team.

What is the population of interest?

Healthy people and/or those at risk for chronic disease, ages 2 and older were
included in this evidence.

What evidence was found?

This review includes 152 articles that examined drinking milk (62 articles), 100%
juice (42 articles), sugar-sweetened beverages (SSBs, 76 articles), or low- and no-
calorie sweetened beverages (LNCSBs, 37 articles). Some articles examined more
than one type of beverage.

Most studies examined outcomes related to adiposity. Examples of these
outcomes are: BMI, BMI above a cutoff (i.e., overweight, obesity), waist
circumference, and body fat.

Milk: Few studies reported significant associations, which suggests that the amount
of milk children and adults drink is not associated with adiposity. However, children
who drank more milk tended to grow taller than children who drank less milk. The
articles did not provide enough evidence to draw conclusions about the type of milk
children drink (i.e., milk fat levels, flavored milk) and adiposity.

100% Juice: Evidence from the highest-quality studies suggests that the amount of
100% juice children and adults drink is not associated with adiposity.

SSBs: Most studies compared drinking SSBs with drinking less SSBs or drinking
water instead of drinking SSBs. These studies tended to find that children and
adults who drink SSBs have higher adiposity than children and adults who drink
less SSBs or drink water instead. A small number of studies compared drinking
SSBs with drinking LNCSBs. This evidence tended to be inconsistent. In children,
there was not enough evidence to draw a conclusion about drinking SSBs
compared with LNCSBs and adiposity. In adults, the evidence suggested that there
iS no association.

LNCSBs: Few studies in children reported significant associations, which suggests
that the amount of LNCSBs children drink is not associated with adiposity. In
contrast, most studies in adults (including the highest-quality studies) reported that
adults who drink more LNCSBs have lower adiposity than adults who drink less.
The evidence has several limitations. The studies differed from one another in
some important ways, such as the outcomes that were measured and the way the
beverage exposure was defined. Some studies may not have been long enough or
may not have studied enough participants to detect associations. Factors other
than beverage consumption may impact the outcomes, and these factors were not
always carefully addressed in the studies’ analyses.

How up-to-date is this systematic review?

This review searched for studies from January 2000 to June 2019, with the exception of
evidence on sugar-sweetened beverage consumption compared to a different amount of
sugar-sweetened beverage consumption or water, in which the search included studies
from January 2012 to June 2019.
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TECHNICAL ABSTRACT

Background

e This important public health question was identified by the U.S. Departments of
Agriculture (USDA) and Health and Human Services (HHS) to be examined by the
2020 Dietary Guidelines Advisory Committee.

e The 2020 Dietary Guidelines Advisory Committee, Beverage and Added Sugars
Subcommittee conducted a systematic review to answer this question with support
from the Nutrition Evidence Systematic Review (NESR) team.

e The goal of this systematic review was to examine the following question: What is
the relationship between beverage consumption and growth, size, body
composition, and risk of overweight and obesity?

Conclusion statements and grades

e Milk:

o Limited evidence suggests that milk intake is not associated with adiposity in
children. (Grade: Limited)

o Insufficient evidence is available to draw a conclusion about the relationship
between the type of milk (i.e., milk fat content, flavor) and adiposity in
children. (Grade: Grade not assignable)

o Limited evidence suggests that higher milk intake is associated with a greater
increase in height compared to lower intake in children. (Grade: Limited)

o Limited evidence suggests that milk intake is not associated with adiposity in
adults. (Grade: Limited)

e 100% Juice:
o Limited evidence suggests 100% juice intake in children is not associated
with adiposity or height in children. (Grade: Limited)
o Limited evidence suggests 100% juice consumption is not associated with
measures of adiposity in adults. (Grade: Limited)

e Sugar-sweetened beverages:

o Moderate evidence suggests that higher sugar-sweetened beverage intake is
associated with greater adiposity in children. (Grade: Moderate)

o Limited evidence suggests that higher sugar-sweetened beverage intake is
associated with greater adiposity in adults. (Grade: Limited)

o Insufficient evidence is available to determine the relationship between
sugar-sweetened beverages compared with low- and no- calorie sweetened
beverages on adiposity in children. (Grade: Grade not assignable)

o Limited evidence suggests no association between sugar-sweetened
beverages compared with low- and no- calorie sweetened beverages on
adiposity in adults. (Grade: Limited)

e Low and no-calorie sweetened beverages:
o Limited evidence suggests no association between low- and no-calorie
sweetened beverage consumption and adiposity in children. (Grade: Limited)
o Limited evidence suggests that low- and no- calorie sweetened beverage
consumption is associated with reduced adiposity in adults. (Grade: Limited)
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Methods

A literature search was conducted using 3 databases (PubMed, Cochrane, Embase)
to identify articles that evaluated the intervention or exposure of non-alcoholic
beverage consumption and the outcomes of growth, size, body composition, and
risk of overweight and obesity. A manual search was conducted to identify articles
that may not have been included in the electronic databases searched. Articles
were screened by two NESR analysts independently for inclusion based on pre-
determined criteria.

Data extraction and risk of bias assessment were conducted for each included
study, and both were checked for accuracy. The Committee qualitatively
synthesized the body of evidence to inform development of a conclusion
statement(s), and graded the strength of evidence using pre-established criteria for
risk of bias, consistency, directness, precision, and generalizability.

Summary of the evidence
Milk:

The body of evidence includes 62 papers: 30 papers on children and 32 papers on
adults. Of the evidence on children, there were 4 papers from randomized
controlled trials (RCTs) and 26 papers from longitudinal cohort studies. Of the
evidence on adults, there were 7 papers from RCTs; 24 papers from prospective
cohort studies; and 1 paper using a Mendelian Randomization design.
To discern healthy growth from excessive growth in children, weight status (i.e.,
prevalence or incidence of overweight or obesity), BMI and BMI z-scores, and body
composition measures (e.g., waist circumference and body fat), were considered to
reflect “adiposity.”

o The majority of the findings for these outcomes were not significant. The few

findings that were significant were not consistent in direction.

To assess healthy growth in children, outcomes such as height and lean mass
were considered. Four studies reported height as an outcome: 3 cohort studies
reported a significant positive association between milk intake and height in
children, and 1 RCT found no effect of milk intake on height compared to drinking
water though this study’s duration was only 12 weeks.
Seven cohort studies specifically examined types of milk (i.e. milk fat levels,
flavored milk) and adiposity outcomes in children; however, the results were not
consistent.
The majority of the studies in adults found no significant association between milk
intake and adiposity; there were some significant associations; however, these
were inconsistent in direction.
The body of evidence from children and adults has several significant limitations
including lack of specificity and consistency in definition of the exposure, the use of
non-validated methods for assessing beverage intake, uncontrolled confounding,
and inconsistencies in findings. More research is needed to address these issues.
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100% Juice:

42 papers examining the relationship between 100% juice intake and outcomes
related to growth, size, body composition, and risk of overweight or obesity were
included in this body of evidence.

Studies published between January 2000 and June 2019 were synthesized by age
group

o Children: 23 studies, including 1 RCT and 22 prospective cohort studies

o Adults: 19 studies, including 4 RCTs, 1 NRCT, and 14 prospective cohort
studies

Evidence in children

o The 1 RCT and the majority of the higher quality prospective cohort studies
found no statistically significant relationship between 100% juice intake and
adiposity.

o The few studies that were significant were not consistent in direction.

o The evidence in children was limited by lack of clarity in defining the juice
exposure; inconsistent quantification of juice consumption, inconsistent
measures of adiposity, lack of evidence from stronger study designs, and
inadequate adjustment for confounders.

Evidence in adults

o The 4 RCTs and 1 NRCT found no statistically significant relationship
between 100% juice intake and adiposity.

o The prospective cohort studies found inconsistent evidence depending on
the specific measure of adiposity. For example, roughly half of the studies
(n=4) found that greater consumption of 100% juice intake was related to a
greater increase in weight, while the others (n=3) found no significant
relationship. Studies examining waist circumference were more consistent,
with 5 of the 6 studies finding no significant association with 100% juice
intake. Further, all studies (n=3) examining body fat or prevalence of
(abdominal) obesity found no significant associations with 100% juice intake.

o The evidence from the RCTs and NRCT were limited by the short durations
small sample sizes.

o The evidence from the prospect cohort studies were limited by the single
measurement of the exposure, reliance on self-reported outcome data,
inadequate adjustment for confounders, and limited generalizability of the
experimental data.

Sugar-sweetened beverages:

76 studies identified via a literature search from June 2012 to June 2019 were
included in this systematic review. Studies were synthesized based on comparator
(no/different amount of sugar-sweetened beverage or low/no-calorie sweetened
beverage) and age of participants (children or adults).
o Sugar-sweetened beverage (SSB) consumption compared to different
amounts or water
= Children: 46 articles
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e RCTs: 2 articles
e NRCTs: 1 article
e Prospective cohort studies: 43 articles
= Adults: 27 articles
e RCTs: 3 articles
e NRCTs: 1 article
e Prospective cohort studies: 23 articles
o Sugar-sweetened beverage consumption compared to low- or no-calorie
sweetened beverages (LNCSB)
= Children: 2 articles
e RCTs: 2 articles
» Adults: 6 articles
e RCTs: 5 articles
e Prospective cohort studies: 1 article
In studies examining SSB intake in children, the majority of studies (~80%)
reported a significant effect or association between SSB intake and adiposity,
however this was not always consistent within studies that reported multiple
outcome measures. There were additional concerns related to risk of bias and
generalizability.
In studies examining SSB intake in adults, the majority of studies (~70%) reported
a significant effect or association between SSB intake and adiposity; however, this
was not always consistent within studies that reported multiple outcome measures.
The 3 included RCTs had significant risk of bias concerns related to the
methodology, particularly around the comparator, and concerns with
generalizability.
Two articles from one RCT addressed the relationship between SSB compared to
LNCSB intake in children and there was insufficient evidence to draw a conclusion.
In studies comparing intake of SSBs and LNCSB in adults, there was inconsistency
in findings and in methodology. Of the 5 RCTs, 3 did not find a significant
difference between groups, however 2 of these studies had small sample sizes and
may have been underpowered. Of the 2 studies that did report a significant effect,
there was not a significant effect across all reported outcomes. For example, one
study reported differences based on the type of sweetener within LNCSB and the
other did not find a difference in weight or BMI between groups, but did report that
those who consumed LNCSB were more likely to achieve 5% weight loss.

Low and no-calorie sweetened beverages:

There were 37 studies identified via literature search from January 2000 to June
2019 included in this systematic review that examined the relationship between
LNCSB and outcomes related to growth, size, body composition, and risk of
overweight and obesity.

o Of the 17 papers in children, all were prospective cohort studies.

o Of the 20 papers in adults, 6 were from RCTs and 14 were from prospective

cohort studies.

In studies examining LNCSB intake in children, the majority of studies (~75%)
reported no association for the main outcome measure(s) of adiposity among the
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study populations. The remaining studies had mixed associations and
methodologic concerns.
o 3 papers with findings of increased adiposity measures
o 1 paper with findings of decreased adiposity measures?
o 1 paper only reported height-related outcomes?
The body of evidence from children had several limitations
o Inadequate adjustment for confounders
o Inconsistency in methods for assessing beverage intake
o Short study duration
o High attrition
In studies examining LNCSB intake in adults, the majority of studies (72%)
reported a significant effect or association between LNCSB intake and adiposity;
however, this was not always consistent within studies that reported multiple
outcome measures.
o One well-designed RCT and two large prospective cohort studies reported
an association between LNCSB and reduced adiposity.
The body of evidence from adults had several limitations
o Experimental studies: short study duration, no assessment of compliance,
and difference in comparators
o Cohort studies: confounding, difference in assessment methods, poor
generalizability, and high attrition
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FULL REVIEW

BEVERAGE: MILK

What is the relationship between beverage consumption (milk) and growth, size, body
composition, and risk of overweight and obesity?

Conclusion statements and grades

Limited evidence suggests that milk intake is not associated with adiposity in children.
(Grade: Limited)

Insufficient evidence is available to draw a conclusion about the relationship between
the type of milk (i.e., milk fat content, flavor) and adiposity in children. (Grade: Grade
not assignable)

Limited evidence suggests that higher milk intake is associated with a greater increase
in height compared to lower intake in children. (Grade: Limited)

Limited evidence suggests that milk intake is not associated with adiposity in adults.
(Grade: Limited)

Summary of the evidence

The body of evidence includes 62 articles: 30 articles on children and 32 articles
on adults.'2 Of the evidence on children, there were 4 papers from randomized
controlled trials (RCTs) and 26 papers from longitudinal cohort studies. Of the
evidence on adults, there were 7 papers from RCTSs; 24 papers from
prospective cohort studies; and 1 paper using a Mendelian Randomization
design.
To discern healthy growth from excessive growth in children, weight status (i.e.,
prevalence or incidence of overweight or obesity), BMI and BMI z-scores, and
body composition measures (e.g., waist circumference and body fat), were
considered to reflect “adiposity”.

o The majority of the findings for these outcomes were not significant. The

few findings that were significant were not consistent in direction.

To assess healthy growth in children, outcomes such as height and lean mass
were considered. Four studies reported height as an outcome: 3 cohort studies
reported a significant positive association between milk intake and height in
children, and 1 RCT found no effect of milk intake on height compared to
drinking water though this study’s duration was only 12 weeks.
Seven cohort studies specifically examined types of milk (i.e. milk fat levels,
flavored milk) and adiposity outcomes in children; however, the results were not
consistent.
The majority of the studies in adults found no significant association between
milk intake and adiposity; there were some significant associations; however,
these were inconsistent in direction.
The body of evidence from children and adults has several significant limitations
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including lack of specificity and consistency in definition of the exposure, the
use of non-validated methods for assessing beverage intake, uncontrolled
confounding, and inconsistencies in findings. More research is needed to
address these issues.

Description of the evidence

Of the 152 included articles in this systematic review on the relationship between non-
alcoholic beverage consumption and outcomes related to growth, size, body
composition, and risk of overweight and obesity, there were 62 articles in the body of
evidence related to milk consumption (30 articles in children, 32 articles in adults).
Specifically for the systematic review of milk consumption and growth, size, body
composition, and risk of overweight and obesity, the exposure or intervention was milk,
which included dairy milk and milk substitutes. This could include a composition of
different types of milk, such as different levels of milk fat (e.g., skim milk, reduced fat,
and whole milk), flavored milk, etc. Dairy milk was the exposure or intervention
beverage in all studies within the body of evidence; no studies using milk substitutes
met the inclusion criteria. The comparator was defined as a different amount (including
no intake) of the same beverage type, water, or milk with different fat levels (e.g., skim
milk versus whole milk). The search range included peer-reviewed articles published
from January 2000 to June 2019. Studies were included if they were conducted in
countries categorized as high or very high on the Human Development Index' and with
generally healthy participants or those at risk for chronic disease, aged 2 years and
older. Studies with the following designs were included: RCTs, non-randomized
controlled trials (NRCTSs), prospective and retrospective cohort studies, nested case-
control studies, and Mendelian Randomization. The studies in children and in adults
were reviewed and synthesized independently.

Study designs:

e Children: 30 articles (Table 1)
o RCTs: 4 articles
o Prospective cohort studies: 26 articles
e Adults: 32 articles (Table 4)
o RCTs: 7 articles
o Prospective cohort studies: 24 articles
o Mendelian randomization: 1 article

il The Human Development classification was based on the Human Development Index (HDI) ranking (1) from the

year the study intervention occurred or data was collected. If the study did not report the year in which the
intervention occurred or data was collected, the HDI classification for the year of publication was applied. HDI
values are available from 1980, and then from 1990 to present. If a study was conducted in 2018 or 2019, the most
current HDI classification was applied. If a study was conducted prior to 1990, the HDI classification from 1990 was
applied. When a country was not included in the HDI ranking, the current country classification from the World Bank
(2) is used instead; 1. UN Development Program. HDI 1990-2017 HDRO calculations based on data from UNDESA
(2017a), UNESCO Institute for Statistics (2018), United Nations Statistics Division (2018b), World Bank (2018b),
Barro and Lee (2016) and IMF (2018). Available from: http://hdr.undp.org/en/data; 2. The World Bank. World Bank
country and lending groups. Available from: https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-
world- country-and-lending-groups
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Milk: Children
Population

This body of evidence in children included 30 articles, with a baseline age ranging from
2 to 14 years. Across all studies, the majority were from the United States; however,
several other high or very high HDI countries were represented, including: Australia,
Canada, Denmark, Hong Kong, Portugal, and the UK. The analytic sample sizes
ranged from 49 to 13,514. The predominant race/ethnic group represented in this
evidence was non-Hispanic white; however, there were 6 studies where more than half
of participants at baseline were not non-Hispanic white,14:26:34,39,51,55

Intervention/exposure and comparator

There were 2 RCTs that yielded 4 articles in this evidence base. In the RCT reported
on by Arnberg et al,® Larnkjaer et al,*> and Larnkjaer et al,*® overweight adolescents
were randomized to drink 1 L/day of 1 of 4 intervention drinks (water, skim milk, whey,
or casein) for 12 weeks. The RCT by Lambourne et al** randomized adolescents to
drink either milk, water, or juice throughout a 6-month resistance-training program. For
both studies (4 papers), the intervention groups that were assigned to drink milk or
water were included in this review, in accordance with the inclusion criteria.

Within the 26 papers from cohort studies, all but 3 papers'>#>>? included either a
continuous or categorical measure of milk intake as the exposure, with milk intake
representing a combination of different types of milk and sometimes including flavored
milk. Sixteen papers included plain and flavored milk in the exposure.26-
8,11,14,21,26,27,33,41,44,45,55,62 Sayen studies included an analysis of exposures based on
type of milk, most often fat content,41517.29.51.59 glthough one study defined the
exposure solely as flavored milk intake.*> Follow-up times varied from about 6 months
to about 15 years.

Outcomes

To discern ‘healthy growth’ from ‘excessive growth’ in children, weight status
(prevalence or incidence of overweight or obesity), BMI and BMI z-scores, and body
composition measures such as waist circumference and body fat, were considered to
reflect “adiposity”. To assess ‘healthy growth’ in children, outcomes such as height and
lean mass were considered.

In children, BMI-related outcomes, including BMI, BMI z-score and incidence of
overweight or obesity were the most commonly reported outcomes. Fewer papers
(n=8) reported body composition measures (e.g., body fat percentage, fat-free mass,
waist circumference). Six papers reported height as an outcome; 3 of these papers
reported height as the only health-related outcome,?%3% although other weight-related
outcomes from these studies were reported in other publications included in this body
of evidence.

Evidence synthesis

Four articles from two RCTSs reported on outcomes related to adiposity.33436 An
intervention in Denmark found that overweight adolescents randomized to drink 1
L/day of skim milk for 12 weeks resulted in higher weight, BMI, and change in BMI-for-
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age z-scores compared to those randomized to drink 1 L/day of water.33%36 This was
likely due to a decrease in energy intake in the group that drank water rather than an
effect of drinking milk. Participants assigned to the water group consumed fewer
calories/d after compared to before the intervention; meanwhile, participants assigned
to the milk intervention had no change in energy intake after compared to before the
intervention. The second RCT, which included resistance training as part of the 6-
month intervention, found no significant differences in BMI or body composition
measures, including waist circumference, fat mass, and fat-free mass, between
adolescents randomized to consume water or a combination of fat-free chocolate milk
and 1%-fat white milk.3* The results from the two RCTs do not support a relationship
between milk intake and adiposity outcomes in adolescents.

Among cohort studies, 4 reported on the incidence or prevalence of overweight or
obesity. Three studies found no significant association between milk intake and
prevalence or incidence of overweight or obesity.842% One study found that, in
adolescent boys, greater baseline milk intake and greater increases in milk intake at
the 5-year follow-up were associated with lower odds of incident overweight?®;
however, this study reported no significant association between milk intake and
prevalence of overweight in boys, and, in girls, no association between milk intake and
prevalence or incidence of overweight.

Fifteen cohort studies reported no significant association between milk intake and BMI
or BMI z-scores.17:811,14,27,29,33,37,39-41,43,5562 A stydy in monozygotic twins found a
correlation between intrapair differences in intake at age 9 and intrapair differences in
BMI change from age 9-14 for the full sample of boys and girls and for girls alone,
such that greater milk intake was associated with greater increases in BMI. Results
were similar when looking specifically at low-fat milk intake, but there was no
association in boys or for high fat milk.’

Of the 4 cohort studies that reported on body fat,:?126:44 1 found a significant
association between increased milk intake and decreased body fat?®; however, there
was no association between milk intake and waist circumference. One additional study
reported on waist circumference, finding that an increase in milk intake from ages 3 to
5 was associated with a smaller change in waist circumference from ages 5 to 6
compared to change in waist circumference in children who drank less milk.33

A subset of studies (n=7) looked at the association of milk intake, based on fat content
of the milk, and adiposity in children.141517.29.4451.59 Eindings were inconsistent. Most
studies reported a mix of significant and non-significant findings; and across the
studies, the findings that were significant were not consistent in direction.

Across adiposity-related outcomes for both RCTs and prospective cohort studies, the
evidence does not support an association between milk intake and adiposity in
children. Insufficient evidence is available to draw conclusions related to milk type.

Regarding height, 3 cohort studies and 1 RCT reported results related to milk intake.
Each of the cohort studies reported an association between higher milk intake and
increased height in children.?614 The RCT did not find a significant effect of drinking
milk compared to drinking water; however, this may be limited by the short duration of
12 weeks.?®> While more studies are needed, this evidence supports a potential
association between milk intake and height in children.
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Energy intake is an important covariate when interpreting studies on the relationship
between beverage consumption and growth, size, body composition, and risk of
overweight and obesity because beverages might displace nutrient-dense foods or add
additional energy to the diet. Therefore, findings with and without adjustments for
energy intake were extracted and reviewed. Conclusion statements reflect the totality
and strength of the evidence considering both approaches. Also, funding sources were
documented during data extraction for consideration when reviewing this evidence.
Further, publication bias is always a consideration in systematic reviews. This body of
evidence includes both large and small studies and includes several studies that only
report non-significant findings, therefore publication bias in not a serious concern.

Assessment of the evidence'

The conclusion statement “evidence suggests that milk intake is not associated with
adiposity in children” was assigned a grade of limited. The conclusion statement
“evidence suggests that higher milk intake is associated with a greater increase in
height compared to lower intake in children” was assigned a grade of limited. There
was insufficient evidence to draw a conclusion about the relationship between the type
of milk (i.e., milk fat content, flavor) and adiposity in children. As outlined and
described below, the body of evidence examining milk consumption and growth, size,
body composition, and risk of overweight and obesity in children was assessed for the
following elements when grading the strength of evidence.

Consistency: The majority of studies found no significant association between milk
intake and adiposity measures in children. Of those studies that did find at least 1
significant association, the direction of effect was not consistent which supports “no
association”. While only 4 studies examined the association between milk intake and
height, 3 reported an association between milk intake and increased height. The one
study that did not find a significant association had a duration of 12-weeks, and this
may have been insufficient time to see an effect.

Directness: The population, intervention/exposure, comparators, and outcomes
(PICO) of the body of evidence align with the elements outlined a priori in the Analytic
Framework relatively well. However, the exposure of several cohort studies did not
differentiate between levels of milk fat, which limits interpretation.

Precision: There were several large cohorts reporting consistency in associations;
meanwhile, there were only 2 RCTs and although these were sufficiently powered, the
sample sizes were small.

Generalizability: For the RCTs, given the design and sample size limitations,
generalizability is low. Generalizability was stronger for the cohort studies, as there
were several with large sample sizes, from different countries, and varying in age and
duration.

i A detailed description of the methodology used for grading the strength of the evidence is available on
the NESR website: https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-
reviews and in Part C of the following reference: Dietary Guidelines Advisory Committee. 2020.
Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary
of Agriculture and the Secretary of Health and Human Services. U.S. Department of Agriculture,
Agricultural Research Service, Washington, DC.
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Risk of bias: For the RCTs, the studies were considered low or moderate for risk of
bias domains (see Table 2 and Table 3). While one RCT found a difference between
drinking milk and drinking water on adiposity outcomes, this effect was likely a result of
drinking water not milk. For the prospective cohort studies, risk of bias was a concern.
None of the studies accounted for all key confounders listed a priori in the Analytic
Framework. Classification of exposures, missing data, and selection of reported results
were also domains of concern.

Milk: Adults

Population

The body of evidence in adults included 32 articles, with the mean baseline age
ranging from approximately 26 years to 67 years old. Of the 7 RCTs, 4 studies were
only in women, 1 study was only in men, and 2 studies included women and men.
Across all studies, the majority were from the United States; however, several other
high or very high HDI countries were represented, including: Australia, Canada,
Denmark, Ecuador, Finland, France, Germany, Iran, Italy, Korea, Malaysia, the
Netherlands, Spain, Sweden, and the UK. There were several large cohorts, and the
overall analytic sample sizes ranged from 31 to 52,987. The predominant race/ethnic
group represented in this evidence was non-Hispanic white; yet, there were 2 studies
where more than half of participants at baseline were not non-Hispanic white.1%:1?

Intervention/exposure and comparator

The 7 RCTs used skim, 1%-fat, or low-fat milk as the intervention compared to either
no milk or usual (low level) intake. The study durations ranged from 6 weeks to 2
years. Among the prospective cohort studies, approximately half defined the exposure
generally as ‘milk intake’, whereas the other studies reported results based on at least
one specific milk type (e.g., skim, whole, low-fat). The length of follow-up for the
prospective cohort studies ranged from 16 weeks to 20 years.

Outcomes

In adults, weight status (prevalence or incidence of overweight or obesity), BMI, and
body composition measures such as waist circumference, body fat, and abdominal
adiposity were considered to reflect “adiposity”. In adults, outcomes included weight,
weight status, BMI, body fat, waist circumference, and waist-to-hip ratio.

Evidence synthesis

While about half of the studies indicated at least 1 significant effect or association, the
vast majority of findings did not show significant associations between milk
consumption in adults and weight-related outcomes. The significant associations that
were reported were not consistent in direction of effect. Of the 7 RCTs, 2 reported at
least 1 effect of milk intake leading to greater adiposity,>>” 2 reported an effect of milk
intake and reduced adiposity,'®2° and 3 reported no significant effects.121338 Results
from the cohort studies were similar such that, approximately half did not report any
significant findings; while the other studies found at least one significant association,
the direction of effect was split. This inconsistency could not be explained after

23



consideration of a number of factors, including study design, exposure assessment
and definition, outcome, or participant characteristics. The body of evidence had
several strengths, including that the dose of milk consumed and length of follow-up
were reasonable for testing this association. Further, several cohorts had very large
sample sizes. Taken together, this body of evidence suggests there that is not an
association between milk intake and adiposity in adults.

Of the 32 articles, only 2 reported height; both RCTs found no effect of milk intake on
height in older adults over a 2-year intervention. The study by Chee et al*? studied
postmenopausal women in Malaysia. Daly et al'® studied older white men in Australia.

Energy intake is an important covariate when interpreting studies on the relationship
between beverage consumption and growth, size, body composition, and risk of
overweight and obesity because beverages might displace nutrient-dense foods or add
additional energy to the diet. Therefore, findings with and without adjustments for
energy intake were extracted and reviewed. Conclusion statements reflect the totality
and strength of the evidence considering both approaches. Also, funding sources were
documented during data extraction for consideration when reviewing this evidence.
Further, publication bias is always a consideration in systematic reviews. This body of
evidence includes both large and small studies and includes several studies that only
report non-significant findings, therefore publication bias is not a serious concern.

Assessment of the evidenceV

The conclusion statement “evidence suggests that milk intake is not associated with
adiposity in adults” was assigned a grade of limited. As outlined and described below,
the body of evidence examining milk consumption and growth, size, body composition,
and risk of overweight and obesity in adults was assessed for the following elements
when grading the strength of evidence.

Consistency: The majority of reported associations were not significant, and of the
significant findings, the direction of effect was inconsistent.

Directness: The population, intervention/exposure, comparators, and outcomes of the
body of evidence align with the elements outlined a priori in the Analytic Framework
relatively well. However, the exposure of several cohort studies did not differentiate
between levels of milk fat, which limits interpretation.

Precision: Precision was not a concern given that several studies had large sample
sizes.

Generalizability: The population tested was large with some diversity, relatively
generalizable to the US population.

Risk of bias: Risk of bias was a concern (see Table 5 and Table 6). Few studies
accounted for all key confounders listed a priori in the Analytic Framework. Other

v A detailed description of the methodology used for grading the strength of the evidence is available on
the NESR website: https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-
reviews and in Part C of the following reference: Dietary Guidelines Advisory Committee. 2020.
Scientific Report of the 2020 Dietary Guidelines Advisory Committee: Advisory Report to the Secretary
of Agriculture and the Secretary of Health and Human Services. U.S. Department of Agriculture,
Agricultural Research Service, Washington, DC.
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concerns were related to selection of participants, classification of exposures, missing
data, self-reported outcome data, and no preregistered data analysis plan.

Research recommendations

To address the limitations of this body of evidence, several research recommendations
have been identified:

e Research on milk according to type of fat, showing results with and without
adjustment for energy to see if there is an independent effect on adiposity

o Differentiate between different types of milk (fat & sweetener content)

e Trials that give participants a particular beverage as the intervention should give
the control group a different beverage to test the effect of substituting one
beverage for another.

e Assess the effects of lactose intolerance for certain racial/ethnic groups, such
as African-, Asian- and Mexican-Americans, and/or to consider including
lactose-free milk in research studies.
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Table 1. Summary of articles examining the relationship between milk consumption and growth, size, body composition and
risk of overweight and obesity in children¥

Study and Population Intervention/Exposure, Comparator

Results Total Energy Intake, Confounders,
Characteristics and Outcome(s)

and Limitations

RANDOMIZED CONTROLLED TRIALS

v Abbreviations: adj: adjusted; AF: android fat; ANOVA: analysis of variance; BAZ: BMI-for-age; BF: body fat; BMI: body mass index; BMIZ: BMI z-score; Btwn: between; CDC:
Center for Disease Control and Promotion; Cl: confidence interval; d: day(s); DXA or DEXA: dual-energy X-ray absorptiometry; FFQ: food frequency questionnaire; FMI: fat
mass index; GF: gynoid fat; HAZ: height-for-age z-score; LMI: lean mass index; MZ: monozygotic; N/A: not applicable; NHLBI: National Heart, Lung, and Blood Institute; NIH:
National Institutes of Health; NR: not reported; NS: not significant; OR: odds ratio; Ovwt: overweight; RCT: randomized controlled trial; SD: standard deviation; SE: standard
error; SES: socioeconomic status; TEI: total energy intake; unadj; unadjusted; USDA: U.S. Department of Agriculture; WC: waist circumference; WHO: World Health
Organization; WHZ: weight-for-height z-score; wk: week(s); y: year(s)

Red font indicates a statistically significant detrimental relationship, and green font indicates a statistically significant beneficial relationship.
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Study and Population
Characteristics

Intervention/Exposure, Comparator
and Outcome(s)

Results

Total Energy Intake, Confounders,
and Limitations

Arnberg, 20123

RCT, Demark

Baseline N=203, Analytic N=173
(Attrition: 15%); Power: recruit 200, 10%
dropout expected, for diff of 0.4 SD or
1kg, a=0.05, B=80%

Recruitment: all adolescents born 1995-
1998 and living in the Copenhagen area
invited to participate via post

Participant characteristics:

overweight adolescents

e Total energy intake: Mean~7525
kJ/d

e Sex (female): 62%

e Age, Mean (SD): 13.2 (0.7)y

e Race/ethnicity: Caucasian, 95%

e SES:NR

e Anthropometrics: BMI, <25: 9.8%,
25.1-29.9: 78.8%, 230: 11.4%

e  Physical activity: NR (maintain usual
level)

e Smoking: 100% non-smokers

Summary of findings:

In overweight adolescents, drinking skim
milk (1 L/d) compared to water (1 L/d) for
12wk resulted in greater increases in
BMI, BAZ, and weight but did not change
waist circumference or waist to height
ratio. Energy intake was greater during
the intervention in the group that drank
skim milk daily compared to water.

Intervention: Skim milk (1 L/d), n=44

Comparator: Water (1 L/d), n=50

Other interventions: whey drink, casein
drink

Intervention duration: 12wk

Intervention compliance: percentage of
planned intake actually consumed, skim
milk 92%, water 95%

Study beverage intake:
e Habitual milk/yogurt intake <250 mL/d
(inclusion criteria)

Outcome assessment methods/timing:

e At baseline, 12wk follow-up

e Weight recorded in morning, after
overnight fast on digital scale

e Height measured in triplicate

e  Waist circumference at umbilicus level
measured in triplicate

e BMI-for-age (BAZ), gender and age-
specific Z-scores, calculated using
WHO software

Note: other outcomes reported in:
e Larnkjaer, 2015
e Larnkjaer, 2014

BMI, kg/m?, Mean (SD), Linear regression
Over time, within group: Owk, 12wk
Water: 25.2 (2.3), 25.5 (2.4); P<0.010
Skim milk: 24.9 (2.5), 25.8 (2.8); P<0.001
Change over time, between groups:
Water: 0.3 (0.8)

Skim milk: 0.6 (0.9), P<0.022

BAZ, Linear regression

Change over time, within group:

Water: P=NS, Data NR

Skim milk: P=0.008, Data NR

Change over time, between groups
Skim milk > Water, P<0.05, Data NR
Weight, Linear regression

Change over time, within group:

Water: P<0.001, Data NR

Skim milk: P<0.001, Data NR

Change over time, between groups
Skim milk > Water, P=0.032, Data NR

Waist circumference, cm, Mean (SD),
Linear regression

Over time, within group: Owk, 12wk
Water: 85.3 (6.2), 86.0 (6.7); P=NS

Skim milk: 84.7 (7.7), 87.6 (8.6), P=0.001
Change over time, between groups:
Water: 0.7 (3.7)

Skim milk: 2.2 (4.2), P=NS

Waist to height ratio, Mean (SD), Linear
regression

Over time, within group: Owk, 12wk
Water: 0.52 (0.04), 0.53 (0.04), P=NS
Skim milk: 0.52 (0.04), 0.54 (0.05),
P<0.05

Change over time, between groups:
Water: 0.00 (0.02)

Skim milk: 0.01 (0.03), P=NS

TEI adjusted: No

Energy Intake, kJ/d, Mean (SD)

El, over time within group: Owk, 12wk
Water: 7620 (2100), 6700 (2450),
P=0.008

Skim milk: 6980 (2390), 7360 (2130),
P=0.56

Change over time, between groups:
P=0.023

Water: -920 (2330)

Skim milk: 100 (1980)

Confounders accounted for:

e Key confounders: sex, age,
anthropometry at baseline, smoking,
physical activity

e  Other factors considered: total energy
intake (no diff between groups at
baseline), medications

Confounders NOT accounted for:

e Key confounders: race/ethnicity, SES

e  Other factors considered: timing,
temporal use, sugar, protein, fiber,
energy density, supplements

Additional model adjustments:
Tanner stage

Limitations:
e  Trial registry does not include data
analysis plan

Funding sources:
Danish Agency for Science, Technology
and Innovation; Danish Dairy Board
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Study and Population
Characteristics

Intervention/Exposure, Comparator
and Outcome(s)

Results

Total Energy Intake, Confounders,
and Limitations

Larnkjaer, 201435

RCT, Denmark

Baseline N=203, Analytic N=193
(Attrition: 5%); Power: recruit 200, 10%
dropout expected, for diff of 0.4 SD or
1kg, a=0.05, B=80%

Recruitment: all adolescents born 1995-
1998 and living in the Copenhagen area
invited to participate via post

Participant characteristics:

overweight adolescents

Total energy intake: ~7525 kJ/d

Sex (female): 62%

Age, y, mean (SD): 13.2 (0.7)

Race/ethnicity: 95% Caucasian

SES: NR

e Anthropometrics: BMI, <25: 9.8%,
25.1-29.9: 78.8%, 230: 11.4%

e Physical activity: NR (maintain usual
level)

e  Smoking: 100% non-smokers

Summary of findings:

In overweight adolescents, drinking skim
milk (1 L/d) compared to water (1 L/d) for
12wk did not result in differences in
changes of height or height z-score.

Intervention: Skim milk (1 L/d), n=48

Comparator: Water (1 L/d), n=50

Other interventions: whey drink, casein
drink

Intervention duration: 12wk

Intervention compliance: percentage of
planned intake actually consumed, skim
milk 92+11%, water 95+7%

Study beverage intake:

e Habitual milk/yogurt intake <250 mL/d
(inclusion criteria)

Outcome assessment methods/timing:

e At baseline, 12wk follow-up

e Height measured in triplicate and
averaged to the nearest 0.01 cm.

e Age- and sex-specific height z-score
calculated using WHO Anthro 2007.

Note: other outcomes reported in:
e Larnkjaer, 2015
e Arnberg, 2012

Height, cm, Mean (SD), Linear regression
Over time, within group: 0wk, 12wk
Water: 162.93 (7.56), 163.89 (7.53),
P<0.001

Skim milk: 162.43 (7.52), 163.79 (7.19),
P<0.001

Change over time, between groups:
Water: 0.96 (0.80)

Skim milk: 0.92 (0.90)

P=NS

Height Z-score, Mean (SD), Linear
regression

Over time, within group: Owk, 12wk
Water: 0.86 (0.95), 0.84 (0.94), P=0.084
Skim milk: 0.78 (0.87), 0.79 (0.85),
P=0.050

Change over time, between groups:
Water: -0.02 (0.10)

Skim milk: -0.03 (0.10)

P=NS

TEI adjusted: No

Confounders accounted for:

e Key confounders: sex, age,
anthropometry at baseline, smoking,
physical activity

e  Other factors considered: total energy
intake (no diff between groups at
baseline), medications

Confounders NOT accounted for:

e Key confounders: race/ethnicity, SES

e  Other factors considered: timing,
temporal use, sugar, protein, fiber,
energy density, supplements

Additional model adjustments:
Tanner stage, insulin like growth factor

Limitations:
e  Trial registry does not include data
analysis plan

Funding sources:
Danish Agency for Science, Technology
and Innovation; Danish Dairy Board
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Larnkjaer, 201536

RCT, Denmark

Baseline N=203, Analytic N=193
(Attrition: 5%); Power: recruit 200, 10%
dropout expected, for diff of 0.4 SD or
1kg, a=0.05, 3=80%

Recruitment: all adolescents born 1995-
1998 and living in the Copenhagen area
invited to participate via post

Participant characteristics:

overweight adolescents

e Total energy intake: Mean ~7525
kJ/d

e Sex (female): 62%

e Age,y, mean (SD): 13.2 (0.7)

e Race/ethnicity: Caucasian, 95%

e SES:NR

e Anthropometrics: BMI, Mean ~24.8
kg/m?:<25: 9.8%; 25.1-29.9: 78.8%;
>30: 11.4%

e Physical activity: Pedometer counts
~9648; maintain usual activity

e  Smoking: 100% non-smokers

Summary of findings:

In overweight adolescents, drinking skim
milk (1 L/d) compared to water (1 L/d) for
12wk resulted in increased fat mass
index. Both groups increased lean mass
index over the 12 wk intervention, with
no difference between groups. There
were no differences between groups for
android fat (%), gynoid fat (%), or
android-gynoid fat ratio.

Intervention: Skim milk (1 L/d), n=48
Comparator: Water (1 L/d), n=50

Other interventions: whey drink, casein
drink

Intervention duration: 12wk

Intervention compliance: percentage of
planned intake actually consumed, skim
milk 92%, water 95%

Study beverage intake:

e Habitual milk/yogurt intake <250 mL/d
(inclusion criteria)

Outcome assessment methods/timing:

e At baseline, 12wk follow-up

e Total body fat (BF), lean mass, android
fat (AF), and gynoid fat (GF) assessed
using DEXA

e Fat mass index (FMI, fat
mass/height?), lean mass index (LMI,
lean mass/height?), and percentages
of BF, AF, and GF were calculated
from DEXA data

e Android fat:gynoid fat (AF/GF) ratio
was calculated as android fat mass
(g)/gynoid fat mass (g)

Note: other outcomes reported in:
e Larnkjaer, 2014
e Arnberg, 2012

EMI, kg/m?, Mean (SD), Linear regression
Over time, within group: Owk, 12wk
Water: P=NS, Data NR

Skim milk: P<0.05, Data NR

Change over time, between groups:
Skim milk > Water, P<0.05, Data NR

LMI, Mean (SD), Linear regression
Over time, within group: Owk, 12wk
Water: P<0.05, Data NR

Skim milk: P<0.05, Data NR
Change over time, between groups:
P=NS

AF%, Mean (SD), Linear regression
Change over time, within group: Owk,
12wk

Water: 8.19 (0.73), 8.14 (0.81), P=0.346
Skim milk: 8.23 (0.96), 8.23 (0.90),
P=0.646

Change over time, between groups
Water: -0.05 (0.39)

Skim milk: 0.03 (0.43)

P=0.265

GF%, Mean (SD), Linear regression
Change over time, within group: Owk,
12wk

Water: 19.2 (1.7), 19.4 (1.8), P=0.112
Skim milk: 19.0 (1.8), 19.0 (1.8), P=0.918
Change over time, between groups:
Water: 0.18 (0.77)

Skim milk: -0.07 (0.80)

P=0.211

AF/GF ratio, Mean (SD), Linear
regression

Change over time, within group: Owk,
12wk

Water: 0.43 (0.06), 0.43 (0.07), P=0.057
Skim milk: 0.44 (0.08), 0.44 (0.08),
P=0.656

Change over time, between groups:
Water: -0.01 (0.02)

Skim milk: 0.00 (0.02)

P=0.095

TEI adjusted: No

Confounders accounted for:

e Key confounders: sex, age,
anthropometry at baseline, smoking,
physical activity

e  Other factors considered: total energy
intake (no diff between groups at
baseline), medications

Confounders NOT accounted for:

e Key confounders: race/ethnicity, SES

e  Other factors considered: timing,
temporal use, sugar, protein, fiber,
energy density, supplements

Additional model adjustments:
Tanner stage, leptin

Limitations:
e Trial registry does not include data
analysis plan

Funding sources:
Danish Agency for Science, Technology
and Innovation; Danish Dairy Board
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Lambourne, 2013*

RCT, United States

Baseline N=136, Analytic N=108
(Attrition: 21%); Power: Achieved sample
size gives 80% power to detect medium
difference (Glass’s delta = 0.75) in FFM
among groups with alpha = 0.05,
assuming correlation between repeated
measures up to 0.60

Recruitment: convenience sample from
middle school physical education
programs

Participant characteristics:

adolescents participating in

resistance training intervention

e Total energy intake: Mean ~1564
kcal/d

o Sex (female): 64%

e Age: Mean ~13.6y

e Race/ethnicity: 86% minorities

e SES:NR

e  Anthropometrics: BMI percentile,
mean, ~85

e Physical activity: Moderate to
vigorous physical activity, Mean ~25
min/d; All participating in resistance
training for RCT

e Smoking: NR

Summary of findings:

In adolescents participating in a
resistance training intervention,
consumption of 24 fl oz of milk/d for 6mo
compared to 24 fl oz of water/d did not
result in differences in body mass, fat
mass, fat free mass, percent body fat,
BMI percentile, or waist circumference.

Exposure of interest: Milk (24 fl oz/d of
fat-free chocolate milk and 1% fat white
milk; resistance training 3d/wk), n=36
(Boys, n=13; Girls, n=23)

Comparator: Water (24 fl oz/d bottled
water; resistance training 3d/wk), n=38
(Boys, n=12; Girls, n=26)

Other interventions: juice

Intervention duration: 6mo

Intervention compliance: Directly observed
by study staff on weekdays and obtained
by self-report on weekends; Mean (SD)
supplements consumed: Milk 83.9% (9.2),
Water 89.8% (5.8)

Study beverage intake:
e  Milk: Mean ~0.7 svg/d

Outcome assessment methods/timing:

e At baseline, 6mo

e Height and weight measured by
trained research staff

e BMI percentile calculated using CDC
software

e  Waist circumference measured by
trained research staff using
procedures of Lohman, Roche, and
Martorell (1988)

e Fat Mass (FM), Fat-free mass (FFM),
and % body fat: assessed via DXA

Body mass, kg, Mean (SD), Linear mixed
model

By study group: baseline, 6mo change
Water: 62.8 (13.8), 2.3 (2.9)

Milk: 63.7 (11.2), 3.4 (3.7)

Group, P=0.12; Time, P<0.0001
Boys

Water: 65.1 (13.8), 2.8 (3.3)

Milk: 65.7 (9.8), 5.2 (3.9)

Group, P=0.14; Time, P<0.0001

Girls

Water: 61.8 (14.0), 2.0 (2.8)

Milk: 62.7 (12.0), 2.3 (3.2)

Group, P=0.60; Time, P<0.0001

Fat mass, kg, Mean (SD), Linear mixed
model

By study group: baseline, 6mo change
Water: 20.9 (10.2), 0.4 (3.6)

Milk: 20.8 (8.1), 1.1 (2.8)

Group, P=0.33; Time, P<0.0001
Boys

Water: 17.4 (10.6), -1.9 (4.7)

Milk: 17.5 (7.2), 1.3 (2.9)

Group, P=0.04; Time, P=0.06
Pairwise comparison, P=0.054

Per protocol analysis, P=NS

Girls

Water: 22.5 (9.8), 1.5 (2.5)

Milk: 22.6 (8.2), 1.0 (2.8)

Group, P=0.85; Time, P<0.0001

Fat free mass, kg, Mean (SD), Linear
mixed model

By study group: baseline, 6mo change
Water: 41.4 (8.6), 1.7 (2.9)

Milk: 42.3 (7.3), 2.2 (1.9)

Group, P=0.06; Time, P<0.0001
Boys

Water: 47.9 (9.7), 4.3 (1.4)

Milk: 47.7 (7.4), 3.9 (1.6)

Group, P=0.99; Time, P<0.0001
Girls

Water: 38.4 (9.7), 0.5 (1.3)

Milk: 39.3 (5.3), 1.2 (1.5)

Group, P=0.25; Time, P=0.49

TEI adjusted: No

Energy intake, kcal/d, Mean
Change by study group:

Control: -16
Milk: 337
Between groups, P=0.01

Confounders accounted for:

e Key confounders: sex, age,
race/ethnicity, anthropometry at
baseline, physical activity

e  Other factors considered: none

Confounders NOT accounted for:

e Key confounders: SES, smoking

e  Other factors considered: total energy
intake, timing, temporal use, sugar,
protein, fiber, energy density,
medications, supplements, alcohol

Additional model adjustments:
Study site

Limitations:

¢ No information on randomization and
concealment of allocation sequence

e No preregistered data analysis plan

Funding source:
Dairy Research Institute
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Percent fat, %, Mean (SD), Linear mixed
model

By study group: baseline, 6mo change
Water: 33.5 (11.0), 0 (3.5)

Milk: 33.9 (9.6), -0.2 (3.3)

Group, P=0.99; Time, P=0.05

Boys

Water: 25.6 (11.0), -2.8 (3.2)

Milk: 27.4 (9.6), -0.2 (3.3)

Group, P=0.05; Time, P=0.87
Pairwise comparison, P=0.059

Girls

Water: 37.2 (11.0), 1.3 (2.9)

Milk: 37.5 (7.7), -0.1 (3.3)

Group, P=0.22; Time, P=0.01

BMI percentile, Mean (SD), Linear mixed
model

By study group: baseline, 6mo change
Water: 84.7 (12.7), 0.3 (7.1)

Milk: 83.9 (14.7), 0.9 (7.3)

Group, P=0.56; Time, P<0.0001
Boys

Water: 85.6 (12.7), -2.0 (4.5)

Milk: 85.4 (14.7), 1.9 (8.9)

Group, P=0.07; Time, P=0.04

Girls

Water: 84.3 (12.7), 1.4 (7.9)

Milk: 83.0 (15.1), 0.3 (6.3)

Group, P=0.94; Time, P<0.0001

WC, cm, Mean (SD), Linear mixed model
By study group: baseline, 6mo change
Water: 77.3 (9.3), 0.6 (4.2)

Milk: 76.9 (8.9), 1.2 (3.1)

Group, P=0.20; Time, P=0.67

Boys

Water: 79.0 (10.3), 0.9 (5.2)

Milk: 79.2 (8.1), 2.1 (3.6)

Group, P=0.21; Time, P=0.85

Girls

Water: 76.6 (8.9), 0.4 (3.8)

Milk: 75.6 (9.2), 0.7 (2.8)

Group, P=0.25; Time, P=0.49
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Study and Population
Characteristics

Intervention/Exposure, Comparator
and Outcome(s)

Results

Total Energy Intake, Confounders,
and Limitations

PROSPECTIVE COHORT STUDIES

Berkey, 20047

Prospective Cohort Study, Growing
Up Today Study, United States
Baseline N=16,771, Analytic N=11,654
(Attrition: 31%); Power: NR

Recruitment: convenience sample
(children of NHSII participants)

Participant characteristics: children

e Total energy intake: Boys,
Mean~2290 kcal/d; Girls,
Mean~2050 kcal/d

e Sex (female): ~57%

e Age: Range: 9-14y

o Race/ethnicity: White, 94.7%

e SES:NR

e  Anthropometrics: Overweight (>85"
percentile CDC BMI charts): boys:
23.2%; girls: 17.5%; Very lean (<10t
percentile): boys: 7.2%; girls: 8.6%

e Physical activity: NR

e Smoking: NR

Summary of findings:

There was not a significant association
between a change in the number of daily
milk servings and change in BMI over 1y
in children 9-14 y of age.

Exposure of interest: Milk (white, in a
glass or on cereal, and chocolate)

Comparator: Milk intake (change in milk
intake over 1y period; continuous; svg/d)

Other exposures: sugar-added beverages,
diet soda, fruit juices

Exposure assessment method and timing:

Self-administered semi-quantitative,
validated FFQ for older children and
adolescents; Represents intake during
previous year

At baseline, 1y follow-up, 2y follow-up

Study beverage intake:

Milk intake (boys): Mean ~2.21 svg/d
Milk intake (girls): Mean ~1.88 svg/d

Outcome assessment methods/timing:

At baseline, 1y follow-up, 2y follow-up
BMI from height and weight self-
reported by children with measuring
instructions and suggestion to ask
someone for help provided (all have
mothers who are nurses in NHSII)

Milk intake, continuous

BMI change over 1y, kg/m?, B (SE),
Linear regression

Per 1y svg/d increase:

Not adjusted for TEI

Boys: 0.028 (0.015), P=0.054

Girls: 0.019 (0.013), P=0.153
Adjusted for TEI

Boys: 0.016 (0.016), P=0.323

Girls: 0.016 (0.014), P=0.250

TEIl adjusted: Yes and No

Confounders accounted for:

e Key confounders: sex, age,
race/ethnicity, anthropometry at
baseline, physical activity

e  Other factors considered: total energy
intake

Confounders NOT accounted for:

e Key confounders: SES, smoking

e  Other factors considered: timing,
temporal use, sugar, protein, fiber,
energy density, medications,
supplements, alcohol

Additional model adjustments: Tanner
stage, menarche (girls), height growth,
milk type, inactivity, other beverage intake
(sugar added, diet soda, fruit juices)

Limitations:

o Not all key confounders accounted for

e  Children lost to follow-up were older
and had higher sugar added
beverage intake and lower milk intake
at baseline

e Self-reported height and weight

e Sugar-added beverage analyses
differ from analyses for other
beverage types

e No preregistered protocol

Funding sources:

NIH; Boston Obesity Nutrition Research
Center Grant; CDC; Economic Research
Service of the USDA, Kellogg’s

32


https://www.ncbi.nlm.nih.gov/pubmed/15166298

Study and Population
Characteristics

Intervention/Exposure, Comparator
and Outcome(s)

Results

Total Energy Intake, Confounders,
and Limitations

Berkey, 20058

Prospective Cohort Study, Growing
Up Today Study, United States
Baseline N=16,771, Analytic N=13,514
(Attrition: 19%); Power: NR

Recruitment: convenience sample
(children of NHSII participants)

Participant characteristics:

children/adolescents

e Total energy intake: Boys,
Mean~2290 kcal/d; Girls,
Mean~2050 kcal/d

o Sex (female): ~56%

e Age: Range: 9-14y

e Race/ethnicity: White, 94.7%

e SES:NR

e Anthropometrics: Overweight (85" to
95t percentile CDC BMI charts):
boys: 14.6%; girls: 12.7%; Obese
(>95" percentile): boys: 8.7%; girls:
4.8%; Very lean (<5 percentile):
boys: 4.2%; girls: 4.7%

e Physical activity: NR

e Smoking: NR

Summary of findings:

In children, change in milk intake was not
significantly associated with BMI change.
Typical milk intake was not associated
with incident overweight after 3y of
follow-up.

Exposure of interest: Milk (white, in a
glass or on cereal, and chocolate)

Comparators:

e Milk intake (change in milk intake over
1y period; continuous; svg/d)

e Milk intake (typical consumption over
whole study period; categorical; svg/d)
e >1and<2
e >2and=<3
. >3

Other exposures: milk intake by fat amount
(analyses do not meet study design I/E),
calcium

Exposure assessment method and timing:

e Self-administered semi-quantitative,
validated FFQ for older children and
adolescents and abbreviated FFQ at
3y follow-up; Represents intake during
previous year

e At baseline, 1y follow-up, 2y follow-up,
3y follow-up

Study beverage intake:
e Milk intake (svg/d), boys: Mean=2.2
e Milk intake (svg/d), girls: Mean=1.9

Outcome assessment methods/timing:

e Atbaseline, 1y follow-up, 2y follow-up,
3y follow-up

e BMI from height and weight self-
reported by children with measuring
instructions and suggestion to ask
someone for help provided (all have
mothers who are nurses in NHSII)

Milk intake, continuous

BMI change over 1y Per 1y svg/d
increase, kg/m?, B (SE), Linear
regression:

Boys (n=5961): 0.023, P=0.08
Girls (n=7553): 0.023, P=0.05

Milk intake, categorical

BMI change over 3y, kg/m?, B (SE),
Linear regression; N=9166 (children who
returned survey all 4 yrs)

Boys

>2 and <3 svg/d (ref; n=499) vs >3 svg/d
(n=129): 0.262, P=0.19

Girls

>2 and <3 svg/d (ref; n=652) vs >3 svg/d
(n=129): 0.213, P=0.24

Incident overweight, RR (95% CI),
Logistic regression; N=NR

Between group differences:

Boys

>1 and <2 svg/d (ref) vs >3 svg/d: 1.35
(0.96, 1.90)

>2 and <3 svg/d (ref) vs >3 svg/d: 1.26
(0.95, 1.66)

Girls

>1 and <2 svg/d (ref) vs >3 svg/d: 1.36
(0.92, 2.01)

>2 and <3 svg/d (ref) vs >3 svg/d: 1.25
(0.91,1.72)

TEI adjusted: No

Confounders accounted for:

¢ Key confounders: sex, age,
race/ethnicity, anthropometry at
baseline, physical activity

e Other factors considered: none

Confounders NOT accounted for:
e Key confounders: SES, smoking

e  Other factors considered: total energy

intake, timing, temporal use, sugar,
protein, fiber, energy density,
medications, supplements, alcohol

Additional model adjustments:

Prior milk intake, same-year height
growth, tanner stage, menstrual history
(girls), same-year inactivity
(TVIvideos/computer games)

Limitations:

e Not all key confounders accounted for

e Self-reported height and weight
e No preregistered data analysis plan

Funding sources:

NIH; Boston Obesity Nutrition Research
Center Grant; CDC; Economic Research
Service of the USDA; Kellogg’s; Breast
Cancer Research Foundation
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Berkey, 2009
Prospective Cohort Study, Growing
Up Today Study, United States

Baseline N=5556, Analytic N=5101
(Attrition: 8%) Power: NR

Recruitment: convenience sample
(daughters of NHSII participants)

Participant characteristics: girls

e Total energy intake: NR

e Sex (female): 100%

e Age: Mean~11.2y

e Race/ethnicity: Non-Hispanic White,
~95%

e SES:NR

e  Anthropometrics: BMI, ~18.2;
Height, ~57.8 in

e  Physical activity: NR

e Smoking: NR

Summary of findings:

Greater milk intake was associated with
greater height growth, PHV, and adult
height in girls.

Exposure of interest: Milk (white, in a
glass or on cereal, and chocolate)

Comparators:

e  White milk intake (categorical; svg/d)
o <1 (ref)
° >3

¢ Milk intake (white + chocolate;
continuous; svg/d)

Other exposures: cheese, yogurt

Exposure assessment method and timing:

e Self-administered, semi-quantitative,
validated FFQ for older children and
adolescents; Represents intake during
previous year

e Atbaseline, annually for 5y

Study beverage intake:

e Milk intake (glasses/d): 0-<1: 32.1%; 1:

20.4%,; 2-3: 36.6%; >3: 10.9%
e Milk intake (glasses/d): Mean ~1.9
e  Chocolate milk intake (glasses/wk):
>1: 20%

Outcome assessment methods/timing:

e At baseline, annually for 5y

e Annualized height growth from self-
reported heights by children with
measuring instructions and suggestion
to ask someone for help (all have
mothers who are nurses in NHSII)

e Peak height velocity (PHV) defined as
largest annualized height growth

e Adult height defined as greatest height
attained after onset of menses

White milk intake, categorical

Height growth, in, Beta, Linear
regression

1y change in height by preceding white
milk intake, between group difference
(N=5070):

Not adjusted for TEI

<1 svg/d (ref) vs >3 svg/d: 0.112,
P=0.007

Adjusted for TEI

<1 svg/d (ref) vs >3 svg/d: 0.108,
P=0.017

PHV, in, Beta, Linear regression

By baseline white milk intake, between
group difference (N=5022):

Not adjusted for TEI

<1 svg/d (ref) vs >3 svg/d: 0.159,
P=0.004

Adjusted for TEI

<1 svg/d (ref) vs >3 svg/d: 0.140,
P=0.014

Adult height, in, Beta, Linear regression
By baseline white milk intake, between
group difference (N=4870):

Not adjusted for TEI

<1 svg/d (ref) vs >3 svg/d: 0.317,
P=0.001

Adjusted for TEI

<1 svg/d (ref) vs >3 svg/d: 0.297,
P=0.003

Milk intake (white + chocolate),
continuous

All adjusted for TEI

Height growth, in, Beta, Linear
regression

1y change in height per svg/d increase in
preceding milk intake (N=5024):

0.024, P=0.019

PHV, in, Beta, Linear regression

Per svg/d increase in baseline milk intake
(N=4975):

0.039, P=0.003

Adult height, in, Beta, Linear regression
Per svg/d increase in baseline milk intake
(N=4829):

0.076, P=0.001

TEI adjusted: Yes and No

Confounders accounted for:

e Key confounders: sex, age,
race/ethnicity, anthropometry at
baseline

e  Other factors considered: total energy
intake

Confounders NOT accounted for:

e Key confounders: SES, physical
activity, smoking

e  Other factors considered: timing,
temporal use, sugar, protein, fiber,
energy density, medications,
supplements, alcohol

Additional model adjustments: Tanner
stage (adult height analyses only), cheese
intake, yogurt intake

Limitations:

e Not all key confounders accounted for
e Self-reported height

e No preregistered data analysis plan

Funding sources:
NIH; The Breast Cancer Research
Foundation
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Blum, 2005
Prospective Cohort Study, United
States

Baseline N=830, Analytic N=166
(Attrition: 80%) Power: NR

Recruitment: convenience sample of
elementary school children in grades 3
through 6 who had participated in a
previous study

Participant characteristics: children
e Total energy intake: Mean=1957.7
kcal/d, SD=575.3

Sex (female): 55.4%

Age: Mean=9.3y, SD=1.0
Race/ethnicity: Caucasian, ~94%
SES: NR

Anthropometrics: BMI z-score,
Mean=0.47, SD=1.0; Height,
Mean=139.4 cm, SD=7.9; Weight,
Mean=35.7 kg, SD=8.1

e Physical activity: NR

e Smoking: NR

Summary of findings:

Exposure of interest: Milk (skim, 1%, 2%,
whole, chocolate, milkshakes)

Comparator: Milk intake (continuous; oz/d)

Other exposures: 100% juice, diet soda,
sugar sweetened drinks

Exposure assessment method and timing:
e  24-hr recall with two interviews per 24-
hr period; parents of random sub-

sample called to verify consumption at
home; Represents intake during past
24-hr on school days

e At baseline and 2y follow-up

Study beverage intake:
e  Milk (oz/d): Mean=19.5, SD=12.0

Outcome assessment methods/timing:

e At baseline and 2y follow-up

e  Weight and height measured

e BMI z-score calculated (CDC age and
gender specific) from height and
weight; Overweight: BMIZ 21.0;
Normal weight: BMIZ<1.0

Children who remained “normal weight”
after 2 years, consumed less milk at the
2 year follow-up compared to baseline.
However, there was no difference in milk
intake change over 2 years among
children who remained overweight or
children who changed from normal to
overweight or overweight to normal
weight. Change in milk intake did not
vary by BMIZ group. Overall, child milk
intake at baseline was not significantly
associated with BMI z-score two years
later.

Milk intake, continuous

Change in Milk intake for Change-in-
BMIZ subgroups, oz/d; Mean (SD):
Unadjusted analysis

Within group differences (t-tests):

Normal wt at baseline & 2y, n=99: -3.3
(14.4), P<0.05

Overweight at baseline & 2y, n=48; -3.5
(15.0), P=NS

Gained wt (Normal wt at baseline; Ovwt at
2y), n=11: -2.8 (10.1), P=NS

Lost wt (Ovwt at baseline; Normal wt at
2y), n=6: -4.3 (10.4), P=NS

Between group differences (ANOVA): All
NS

BMI z-score, Increase per 0z/d increase
in baseline intake, linear regression:
P=NS, Data: NR

TEI adjusted: Yes

Change in TEI for Change-in-BMIZ
subgroups, kcal/d; ANOVA, Mean (SD):

Within group differences:

Normal wt at baseline & 2y, n=99:-118.4
(724.9), P<0.05

Overweight at baseline & 2y, n=48; -165.1
(693.1), P=NS

Gained wt (Normal wt at baseline; Ovwt at
2y), n=11: -173.6 (592.0), P=NS

Lost wt (Ovwt at baseline; Normal wt at
2y), n= 6: 140.3 (920), P=NS

Between group differences: All NS

Confounders accounted for:

e Key confounders: sex, age,
anthropometry at baseline,

e  Other factors considered: total energy
intake

Confounders NOT accounted for:

e Key confounders: race/ethnicity, SES,
physical activity, smoking

e  Other factors considered: timing,
temporal use, sugar, protein, fiber,
energy density, medications,
supplements, alcohol

Additional model adjustments: Baseline
beverage intakes, 2y follow-up beverage
intakes

Limitations:

e Not all key confounders accounted for

e Single 24-hr recall used to assess
intake

e Impact of high level of missing data
on analyses unclear

e No preregistered analysis plan

Funding sources:
NR
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DeBoer, 2015

Prospective Cohort Study, Early
Childhood Longitudinal Survey-Birth
Cohort, United States

Baseline N=10,700, Analytic N=7,000
(Attrition: 35%) Power: NR

Recruitment: nationally-representative
random sample of birth certificates

Participant characteristics: children

e Total energy intake: NR

e Sex (female): 49.2%

e Age:~4y

e Race/ethnicity: White 43.7%, Black
15.4%, Hispanic 19.7%, Asian
10.1%, Other 11.1%

e SES: High 23.2%, Medium High
19.8%, Medium 19.9%, Medium Low
19.0%, Low 18.1%

e  Anthropometrics: Normal weight
(<85™ %) 67.7%, Overweight (>85-
95t 9%6) 16.3%, Obese (>95™ %)
16.0%

e Physical activity: NR

e  Smoking: NR

Summary of findings:

Higher milk intake at 4 y was associated
with higher HAZ at 5y, but was not
associated with BMI z-score or WHZ.
Increasing fat content of milk typically
consumed at 4 y was associated with
lower BMI z-score, HAZ, and WHZ.

Exposure of interest: Milk (all types of
milk from a glass, cup or carton, or with
cereal)

Comparators:

e Milk intake (continuous; svg/d)
e  Excluding non-milk drinkers

e Milk intake (categorical; svg/d)
e  Excluding non-milk drinkers
e Svg/d:<1,1,2,3,>4

e  Milk type (continuous; svg/d)
e Increasing fat content

Exposure assessment method and timing:

e Two questions (amount and type)
asked via computer-assisted interview
overseen by trained assessor;
Represents past 7d

e At baseline (4y)

Study beverage intake:
o Milk intake (svg/d):
e None: boys: 2.6%; girls: 2.1%
o 2-3:53%
¢  Milk type normally consumed: whole
milk 43.2%, 2% milk 40.1%, 1% milk
8.1%, skim milk 6.6%, soy milk 2.0%

Outcome assessment methods/timing:

e 1y follow-up (at 5yo)

e Weight and height measured by
trained researchers

e BMI z-score, HAZ, and WHZ
generated via computer program using
CDC age and gender specific growth
measures

e Overweight defined as >85"-95™" %
BMI z-score

e  Obesity defined as >95™ % BMIZ

Milk intake, continuous: Per svg/d
increase in baseline intake; B (SE) linear
regression

BMI z-score: 0.006 (0.023), P=0.789
HAZ: 0.075 (0.0166), P<0.001

WHZ: 0.0224 (0.0189), P=0.240

Milk intake, categorical: <2 svg/d (ref) vs
23 svg/d: OR (95% Cl), logistic regression
Overweight: 1.094 (0.917, 1.306),
P=0.3187

Obesity: 1.047 (0.863, 1.269), P=0.6427

Adjusted mean z-scores among milk
drinkers based on 4y intake on 5y
outcomes: linear regression

BMI z-score: Data NR, P=NS

HAZ: <1 svg/d (ref) vs 2, 3, or >4 svg/d,
Data NR, P<0.05

1 svg/d (ref) vs 2 or >4 svg/d, Data NR,
P<0.05; vs 3 svg/d, Data NR, P=NS
WHZ: Data NR, P=NS

Milk type, continuous: Per increase in
fat content of milk normally consumed at
baseline; B (SE) linear regression

BMI z-score: -0.139 (0.034), P<0.001
HAZ: -0.147 (0.030), P<0.001

WHZ: -0.145 (0.027), P<0.001

TEI adjusted: No

Confounders accounted for:

e Key confounders: sex, age,
race/ethnicity, SES

e  Other factors considered: none

Confounders NOT accounted for:

e Key confounders: anthropometry at
baseline, physical activity, smoking

e  Other factors considered: total energy
intake, timing, temporal use, sugar,
protein, fiber, energy density,
medications, supplements, alcohol

Additional model adjustments: N/A

Limitations:

e Not all key confounders accounted for

e Assessment of milk intake not
validated

e Impact of missing data on analyses
unclear

e No preregistered data analysis plan

Funding sources:
NIH
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Dong, 2015%

Prospective Cohort Study, Avon
Longitudinal Study pf Parents and
Children (ALSPAC), UK

Baseline N=15,444 (recruited), Analytic
N=4,646 (Attrition: 70%) Power: NR

Recruitment: convenience

Participant characteristics: children

e Total energy intake: NR

e Sex (female): 49.2%

e Age: Mean=7.5y

e Race/ethnicity: NR

e SES:NR

e  Anthropometrics: BMI, Mean=16.2;
BMI z-score, Mean=0.1

e Physical activity: Mean=22.9 min/d,
SD=15.4 (at 11y)

e Smoking: NR

Summary of findings:

Among children, increases in full-fat and
low-fat milk intake over a 3y period were
associated with excessive weight gain
(increase in BMI z-score). Average
intake of full-fat and low-fat milk intake
over 3y was not significantly associated
with excessive weight gain (increase in
BMI z-score).

Exposure of interest: Full-fat milk (full-fat
milk, other milk and cream), Low-fat milk
(semi-skimmed milk, skimmed milk, soya
milk)

Comparators:
e  Full-fat milk (continuous; g/d)

e Per 100 g/d change over 3y

e Per 100 g/d average across 3y
e Low-fat milk (continuous; g/d)

e Per 100 g/d change over 3y

e Per 100 g/d average across 3y

Other exposures: sugar-sweetened
beverages, juices, diet soda

Exposure assessment method and timing:

e Three-day food diary, child report with
help from parent; Represents current
intake

e At7y, 10y, and 13y

Study beverage intake:

e Full-fat milk (g/d), mean (SD): 7y:
133.3 (182.0); 10y: 74.0 (146.7); 13y:
48.3 (138.4)

e Low-fat milk (g/d), mean (SD): 7y:

125.4 (167.1); 10y: 144.6 (170.7); 13y:

168.5 (195.1)

Outcome assessment methods/timing:

e At7y, 10y, and 13y

e Height and weight measured by study
personnel

e Calculated UK age and sex adjusted
BMI z-score to represent adiposity

e Excessive weight gain: increase in
adiposity over 3y compared to
reference group

e BMI converted to g for interpretation
(assumes 0.01 increase in BMIZ=509)

Excess weight gain (g) over 3y, per 100
g/d increase (change) or per 100 g/d
intake (average), Mean, linear regression

Full-fat milk intake, continuous

Change: 65, P<0.01

Average: -40, P<0.10

By sex:

Boys (n=2155)

Change: 55, P<0.05

Girls (n=2193)

Change: 80, P<0.05

Change from 7-10y: 79, P<0.01

Change from 10-13y: 95, P<0.01

Low-fat milk intake, continuous
Change: 40, P<0.05

Average: -40, P<0.10

Boys (n=2155)

Change: 19, P=NS

Girls (n=2193)

Change: 76, P<0.05

Change from 7-10y: 64, P<0.05
Change from 10-13y: 39, P=NS

TEI adjusted: No

Confounders accounted for:

e Key confounders: sex, age, SES,
physical activity

e  Other factors considered: none

Confounders NOT accounted for:

e Key confounders: race/ethnicity,
anthropometry at baseline, smoking

e  Other factors considered: total energy
intake, timing, temporal use, sugar,
protein, fiber, energy density,
medications, supplements, alcohol

Additional model adjustments: Puberty
status (Tanner stage)

Limitations:

e Not all key confounders accounted for

e Impact of missing data on analyses
unclear

e Results from subgroup analyses are
only report for change data, not
average intake data which may show
fewer/no significant associations

e No preregistered data analysis plan

Funding sources:
NR
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DuBois, 2016
Prospective Cohort Study, Quebec
Newborn Twin Study, Canada

Baseline N=1324, Analytic N=304
(Attrition: 77%); Power NR

Participant characteristics:

monozygotic (MZ) twin children

e Total energy intake, Mean (SD):
1814.37 kcal/d (393.20)

e Sex (female): 54.6%

e Age, Mean (SD): 8.96 y (0.56)

e Race/ethnicity: NR

e SES:NR

e  Anthropometrics, Mean (SD): BMI,
16.51 (2.50)

e Physical activity: NR

e Smoking: NR

Summary of findings:

Differences between MZ twin pairs’ milk
intake at 9y, particularly low-fat milk, was
associated with differences in BMI
(greater milk intake, larger increase in
BMI).

Exposure of interest: Milk, High-fat milk,
Low-fat milk, Milk and alternatives, High-fat
milk and alternatives, Low-fat milk and
alternatives

Comparators:

e Milk intake (continuous; kcal and % of
energy)

e High-fat milk intake (continuous; kcal
and % of energy)

e Low-fat milk intake (continuous; kcal
and % of energy)

¢ Milk and alternatives intake
(continuous; kcal and % of energy)

e High-fat milk and alternatives intake
(continuous; kcal and % of energy)

e Low-fat milk and alternatives intake
(continuous; kcal and % of energy)

Other exposures: fruit juice, sugary drinks,
fruit drinks, soft drinks

Exposure assessment method and timing:

Milk intake, continuous

Correlation between intrapair
differences in intake at 9y (kcal or %
energy) and intrapair differences in
BMI in subsequent yrs; Spearman
correlation

All: kcal; % energy

12y (n=238): 0.13; 0.10

13y (n=226): 0.10; 0.09

14y (n=212): 0.12; 0.14

Change 9-14y (n=210): 0.16, P<0.10;
0.13, P<0.05

Boys: kcal; % energy

12y (n=102): 0.02; -0.01

13y (n=96): 0.11; 0.09

14y (n=92): 0.05; 0.10

Change 9-14y (n=92): -0.06; 0.01
Girls: kcal; % energy

12y (n=136): 0.20, P<0.10; 0.19

13y (n=130): 0.12; 0.14

14y (n=120): 0.19; 0.24, P<0.10
Change 9-14y (n=108): 0.37, P<0.05;
0.45, P<0.05

High-fat milk intake, continuous

e  24-hr recall performed by registered
dietitians; Represents usual intake
e At baseline (9y)

Study beverage intake, kcal, Mean (SD)

e Milk: 167.04 (128.42)

High-fat milk: 25.76 (83.02)

Low-fat milk: 141.29 (118.45)

Milk and alternatives: 318.72 (154.99)

High-fat milk and alternatives: 147.25

(126.10)

e Low-fat milk and alternatives: 171.47
(125.81)

Outcome assessment methods/timing:

e At baseline (9y), 12y, 13y, 14y

e Height and weight self-reported except
at baseline (measured)

e Intrapair difference (MZ twins) in BMI

Correlation between intrapair
differences in intake at 9y (kcal or %
energy) and intrapair differences in
BMI in subsequent yrs; Spearman
correlation

All: kcal; % energy

12y (n=238): 0.06; 0.05

13y (n=226): -0.08; -0.08

14y (n=212): 0.06; 0.06

Change 9-14y (n=210): -0.04; -0.03
Boys: kcal; % energy

12y (n=102): 0.21; 0.21

13y (n=96): 0.05; 0.05

14y (n=92): 0.09; 0.10

Change 9-14y (n=92): -0.13; -0.12
Girls: kcal; % energy

12y (n=136): -0.06; -0.07

13y (n=130): -0.17; -0.18

14y (n=120): 0.07; 0.06

Change 9-14y (n=108): 0.05; 0.06

TEI adjusted: Yes (% energy) and No

Correlation between MZ twin pair
differences in BMI and TEI (kcal),
Spearman correlation

12y: 0.07; 13y: 0.10; 14y: 0.07
Change 9-14y: 0.00

Confounders accounted for:

¢ Key confounders: sex, age,
race/ethnicity, SES,

e  Other factors considered: none

Confounders NOT accounted for:

e Key confounders: anthropometry at
baseline, physical activity, smoking

e  Other factors considered: total energy
intake, timing, temporal use, sugar,
protein, fiber, energy density,
medications, supplements, alcohol

Additional model adjustments: N/A

Limitations:

e Not all key confounders accounted for

e  Start of follow-up and exposure do
not coincide

e 77% attrition with no information on
those lost to follow-up

¢ Weight and height self-reported

e No pre-registered data analysis plan

Funding sources:

Fonds Quebecois de la Recherche sur la
Societe et la Culture; Fonds de la
Recherche en Sante du Quebec; Social
Science and Humanities Research
Council of Canada; National Health
Research Development Program; CIHR;
Sainte-Justine Hospital Research Centre;
Academy of Finland
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Discordant twins defined as =22 BMI
units between pairs at least once at 9,
12, 13, and/or 14y

Concordant twins defined as <2 BMI
units between pairs at all ages

Low-fat milk intake, continuous
Correlation between intrapair
differences in intake at 9y (kcal or %
energy) and intrapair differences in
BMI in subsequent yrs; Spearman
correlation

All: kcal; % energy

12y (n=238): 0.10; 0.10

13y (n=226): kcal: 0.12; 0.11

14y (n=212): kcal: 0.12; 0.14
Change 9-14y (n=210): 0.18, P<0.10;
0.24, P<0.05

Boys: kcal; % energy

12y (n=102): -0.05; -0.08

13y (n=96): 0.11; 0.05

14y (n=92): 0.06; 0.07

Change 9-14y (n=92): -0.02; 0.02
Girls: kcal; % energy

12y (n=136): 0.24, p<0.10; 0.25, P<0.05
13y (n=130): 0.16; 0.20

14y (n=120): 0.20; 0.26, P<0.05
Change 9-14y (n=108): 0.35, p<0.05;
0.42, P<0.05

Refer to paper and supplemental data

for additional analyses on:

e Milk and alternatives intake

e High-fat milk and alternatives intake

e Low-fat milk and alternatives intake

e Comparison of Dietary Intake (at 9
years) Among Leaner and Heavier
Twins From Discordant and
Concordant MZ Twin Pairs

e Comparison of Dietary Intake at 9
Years Between Discordant MZ Twins
for BMI at 9 Years and Older
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Fiorito, 20092
Prospective Cohort Study, United
States

Baseline N=197, Analytic N=166
(Attrition: 16%); Power: NR

Recruitment: Convenience sample via
flyers, newspaper advertisements, and
mailings/follow-up phone calls

Participant characteristics: Girls

e Total energy intake: NR

e Sex (female): 100%

e Age:~5y

e Race/ethnicity: Predominantly non-
Hispanic white

e SES, Mean (SD): Family income,
averaged $50,000-$75,000; Paternal
education, 14.9y (2.7); Maternal
education, 14.8y (2.3)

e Anthropometrics, Mean (SD): BMI
for age percentile, 59.3 (26.6); Body
fat %, 20.6 (4.3); Overweight 18%

e Physical activity: NR

e Smoking: NR

Summary of findings:

Among girls, milk intake at 5y of age was
not significantly associated with body fat
percentage through age 15.

Exposure of interest: Milk (whole and
reduced fat, plain or flavored, milk
consumed as a beverage); 1 svg=80z

Comparator: Milk intake (continuous; 8 oz
svg/d)

Other exposures: fruit juice, sweetened
beverage

Exposure assessment method and timing:

e Three, 24-hr recalls (2 weekdays, 1
weekend day) within 2- to 3-wk period
conducted by trained staff using NDS-
R software and reported by mother;
represents usual intake

e At baseline (5y of age)

Study beverage intake:
e NR

Outcome assessment methods/timing:

e At7,9, 11,13, 15y of age

e Body fat % estimated by tricep and
subscapular skinfold thickness at age
5,7,9,and 11y and DXA scans at
age 9, 11, 13 and 15

Body fat percentage, standardized
regression coefficient, linear regression
7y (N=169): -0.02, P=NS

9y (N=158): -0.06, P=NS

11y (N=164): 0.01, P=NS

13y (N=150): 0.04, P=NS

15y (N=160): -0.08, P=NS

TEI adjusted: No

Confounders accounted for:
e Key confounders: sex
e Other factors considered: none

Confounders NOT accounted for:

e Key confounders: age, race/ethnicity,
SES, anthropometry at baseline,
physical activity, smoking

e Other factors considered: total energy
intake, timing, temporal use, sugar,
protein, fiber, energy density,
medications, supplements, alcohol

Additional model adjustments: N/A

Limitations:

e Not all key confounders accounted for

e Reporting bias: not all outcome
measures reported for each beverage
type

e No preregistered data analysis plan

Funding sources:
NIH; The National Dairy Council
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Haines, 20075
Prospective Cohort Study, Project
Eating Among Teens, United States

Baseline N=4746, Analytic N=2516
(Attrition: 47%); Power: NR

Recruitment: population based sample

Participant characteristics:

adolescents

e Total energy intake, Mean (SD):
Girls, 1994 kcal/d (1047); Boys,

e Sex (female): 55.1%

e Age, Mean (SD): Middle school
cohort, 12.8 y (0.8); High school
cohort, 15.8y (0.8)

e Race/ethnicity: 48.3% white, 18.9%
black, 19.6% Asian, 5.8% Hispanic,
3.6% Native American, 3.8% mixed
race or other

e SES: Low or low-middle SES, 37%

e Anthropometrics: BMI (Mean), Girls
22.4, Boys 22.5; Overweight (>85"
percentile), Girls 25.7%, Boys 26.4%

e Physical activity, Mean (SD): Girls,
5.8 hiwk (4.7); Boys,

e  Smoking: NR

Summary of findings:

In adolescent boys, greater baseline milk
intake and greater increases in milk
intake were associated with lower odds
of incident overweight at 5y follow-up. In
adolescent girls, milk intake was not
significantly associated with overweight.

Exposure of interest: Milk (skim, 1%, 2%,
and whole white milk, chocolate milk)

Comparators:

e Milk intake (continuous; svg/d)
e Baseline intake
e Change in intake

Other exposures: sugar-sweetened
beverages, diet soda

Exposure assessment method and timing:
e 149 item semi-quantitative Youth and
Adolescent FFQ (YAQ); Represents
usual intake
e At baseline, 5y follow-up

Study beverage intake:
e  Milk, Girls, Mean (SD): 1.4 svg/d (1.4)
e Milk, Boys, Mean (SD): 1.9 svg/d (1.5)

Outcome assessment methods/timing:
e At baseline, 5y follow-up
Weight and height self-reported
Overweight defined as BMI| >85™
percentile for age and gender, using
Must et al. classification

GIRLS:

Overweight at 5y follow-up, OR (95%
Cl), linear regression

Baseline intake: 1.11 (0.93, 1.33)
Change in intake: Data NR, P=NS

Incident overweight, OR (95% CI), linear
regression

Baseline intake: 1.31 (0.99, 1.73)

Change in intake: Data NR, P=NS

BOYS:

Overweight at 5y follow-up, OR (95%
Cl), linear regression

Baseline intake: 0.90 (0.75, 1.07)
Change in intake: Data NR, P=NS

Incident overweight, OR (95% CI), linear
regression

Baseline intake: 0.77 (0.60, 0.99)

Change in intake: Data NR, P<0.05

TEIl adjusted: Yes

Confounders accounted for:

e Key confounders: sex, age,
race/ethnicity, SES, anthropometry at
baseline,

e  Other factors considered: total energy
intake

Confounders NOT accounted for:

e Key confounders: physical activity,
smoking

e  Other factors considered: timing,
temporal use, sugar, protein, fiber,
energy density, medications,
supplements, alcohol

Additional model adjustments:
Cohort

Limitations:

e Not all key confounders accounted for

e Attrition 47% with no information on
non-completers

e Height and weight self-reported

e No preregistered data analysis plan

Funding source:
Maternal and Child Health Bureau (HHS)
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Hasnain, 2014%"

Prospective Cohort Study,
Framingham Children’s Study, United
States

Baseline N=106, Analytic N=98 (Attrition:
8%); Power: NR

Recruitment: convenience

Participant characteristics: children

e Total energy intake: Mean~1724
kcal/d

e Sex (female): 55.1%

e Age: 3-5y
e Race/ethnicity: 100% non-Hispanic
white

e SES: Maternal education >college,
~34%; 100% 2-parent household

e  Anthropometrics: BMI, Mean~16.1

e Physical activity: Mean~10.7 Caltrac
counts/hr

e Smoking: NR

Summary of findings:

Greater milk intake from 3-9y was
associated with lower body fat % and
smaller sum of skinfolds at 15-17y; there
was no significant association between
milk intake and BMI or waist
circumference.

Exposure of interest: Milk (plain and
flavored milk, small quantities of soymilk
and rice beverages)

Comparators: Milk intake (categorical;
tertiles)

e T1 (Mean=5.0 oz/d, SD=2.2)

e T2 (Mean=8.9 oz/d, SD=1.6)

e T3 (Mean=13.9 oz/d, SD=3.2)

Other exposures: fruit and vegetable juice,
SSBs, unsweetened/artificially sweetened
beverages

Exposure assessment method and timing:
e Up to 4 sets of 3-d diet records
annually completed by parents (up to
age 10y) or children (after age 10y);
Represents usual intake
e At baseline (3-5y), annually for 12y
(age 15-17y)

Study beverage intake:

e Total fluid milk, Median (5%, 95t
percentile): 8.8 oz/d (2.2, 15.5)

e Plain milk, Median (5™, 95" percentile):

6.9 0z/d (1.0, 14.7)
e Flavored milk, Median (5", 95"
percentile): 0.9 oz/d (0.0, 4.9)

Outcome assessment methods/timing:

e At baseline, annually, end of follow-up
(15-17y)

e Weight, height, waist circumference
measured by study personnel

e  Four skinfolds (triceps, subscapular,
suprailiac, abdominal) measured in
duplicate following standard protocol

e Percent body fat measured with DXA
scan (end of follow-up only)

Effects of intake (by tertiles) at ages 3-
9y on outcomes at end of follow-up
(ages 15-17y); linear regression

Body fat %, Mean:

T1: 30.0%, T2: Data NR, T3: 22.6%,
P=0.0095

BMI, kg/m2: Data NR, P=0.0895

Sum of 4 skinfolds, mm: Data NR,
P=0.0465

WC, cm: Data NR, P=0.1318

Effects of intake (by tertiles) on sum of

skinfolds over time; mixed model
T1vs T2: P=0.0106
T1vs T3: P=0.0371
T2 vs T3: P=0.6859

TEI adjusted: Evaluated but not
independent predictor so removed from
model

Confounders accounted for:

e Key confounders: sex, age,
race/ethnicity, SES, anthropometry at
baseline, physical activity

e Other factors considered: total energy
intake

Confounders NOT accounted for:

e Key confounders: smoking

e  Other factors considered: timing,
temporal use, sugar, protein, fiber,
energy density, medications,
supplements, alcohol

Additional model adjustments: Percent
of calories from fat, mean TV and video
time, other beverages consumed,
maternal education, maternal BMI

Limitations:

e Not all key confounders accounted for

e Validation of 3-d diet records not
indicated

e No preregistered data analysis plan

Funding sources:
NHLBI; National Dairy Council
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Huh, 2010%°
Prospective Cohort Study, Project
Viva, United States

Baseline N=1579, Analytic N=852
(Attrition: 54%) Power: NR

Recruitment: children born to Project
Viva mothers

Participant characteristics: toddlers

e Total energy intake, Mean: ~1547
kcal/d

e Sex (female): NR

e Age, Mean: ~2y

e Race/ethnicity: 74% White, 9%
Black, 17% Other

e SES: Yearly household income,
10% <$40,000, 21% $40,000-
70,000, 69% >$70,000

e  Anthropometrics, Mean: BMI ~13.5,
BMI z score, ~-0.19

e Physical activity: NR

e  Smoking: NR

Summary of findings:

In toddlers, total, reduced-fat, and
1%/nonfat milk intake at 2y of age was
not associated with BMI z-score or
incident overweight at 3y of age. Greater
whole milk intake was associated with
lower BMI z-score, but this association
was not significant when only normal
weight children at baseline were
included.

Exposure of interest: Milk (whole,
reduced-fat, 1%/nonfat)

Comparators:
e  Whole milk intake (continuous; svg/d)
e Reduced-fat milk intake (continuous;
svg/d)
e 1%/nonfat milk intake (continuous;
svg/d)
e  Total milk intake (continuous; svg/d)

Other exposures: spreads, whipping
cream, low fat dairy, medium fat dairy, high
fat dairy

Exposure assessment method and timing:

e Semi-quantitative child FFQ
previously validated in preschool
children and completed by mothers;
represents usual intake

e At baseline (2y of age)

Study beverage intake:

e Total milk, Mean (SD): 2.6 (1.2) svg/d

e  Predominant milk type consumed:
53.1% whole milk, 26.5% reduced-fat
milk, 20.4% 1%/nonfat milk

Outcome assessment methods/timing:

e Atbaseline (2yo), 1y follow-up (3yo)

e Height and weight measured by study
personnel

e Sex and age specific BMI z score
calculated using US national reference
data

¢ Overweight defined as BMI for age
and sex 285" percentile

Whole milk, continuous

BMI z-score, B (95% CI), linear
regression:

-0.09 (-0.16, -0.01), P=0.02

Among normal weight (N=645) at
baseline,:

-0.05 (-0.13, 0.02), P=0.18
Incident overweight, OR (95% CI),
logistic regression:

1.04 (0.74, 1.44), P=0.84

Reduced-fat milk, continuous
BMI z-score, B (95% CI), linear
regression:

-0.08 (-0.17, 0.01), P=0.07

Among normal weight (N=645) at
baseline:

-0.08 (-0.17, 0.02), P=0.13
Incident overweight, OR (95% CI),
logistic regression:

0.91 (0.62, 1.34), P=0.63

1%/nonfat milk, continuous

BMI z-score, B (95% CI), linear
regression:

0.05 (-0.06, 0.16), P=0.39

Among normal weight (N=645) at
baseline:

0.00 (-0.14, 0.14), P=0.96

Incident overweight, OR (95% CI),
logistic regression:

0.95 (0.58, 1.55), P=0.83

Total, continuous

BMI z-score, B (95% CI), linear
regression:

-0.05 (-0.10, 0.00), P=NS

Incident overweight, OR (95% CI),
logistic regression:

1.01 (0.76, 1.15), P=NS

TEIl adjusted: Yes

Confounders accounted for:

e Key confounders: sex, age,
race/ethnicity, SES, anthropometry at
baseline

e  Other factors considered: total energy
intake

Confounders NOT accounted for:

e Key confounders: physical activity,
smoking

e  Other factors considered: timing,
temporal use, sugar, protein, fiber,
energy density, medications,
supplements, alcohol

Additional model adjustments:
Nondairy beverage intake, television
viewing, maternal BMI, paternal BMI

Limitations:

e Not all key confounders accounted for

e  Attrition 54%, however analyses
compared included and excluded
subjects

e No preregistered data analysis plan

Funding sources:
NIH; Rexall Cy Pres Fund
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Kral, 200833

Prospective Cohort Study, United
States

Baseline N=NR, Analytic N=49 (Attrition:
NR); Power: NR

Recruitment: convenience sample from
newborn nurseries, obstetric practices,
pediatric practices and local referrals

Participant characteristics: children at
high or low risk for obesity

e Total energy intake: NR

e Sex (female) at age 3: ~44%
Age: Mean ~3y

Race/ethnicity: 100% White
SES: NR

Anthropometrics at age 3: BMI z-
score, Mean ~ -0.4; WC, Mean
~49.8 cm

e Physical activity: NR

e Smoking: NR

Summary of findings:

Greater increases in milk intake from 3 to
5y was associated with lower WC, but
not BMI z-score, from 5 to 6y.

Exposure of interest: Milk (all milk and
milk based beverages including chocolate
milk, milk with powder/syrup, buttermilk,
and milkshakes)

Comparator: Milk intake (change from 3y
to 5y; continuous; kcal/d)

Other exposures: fruit juice, fruit drinks,
soda, diet soda, soft drinks including all
soda and fruit drinks, soft drinks + fruit

juice, all beverages

Exposure assessment method and timing:

e Three day weighed food and
beverage record (2 weekdays, 1
weekend day) recorded by primary
caregiver; Represents usual intake

e At baseline (3y), annually (4y and 5y)

Study beverage intake:
e Milk: Mean ~7.5 oz/d

Outcome assessment methods/timing:

e At baseline, annually (4y, 5y, and 6y)

e Waist circumference measured in
triplicate at the narrowest part of torso
by trained anthropometrists

e Height and weight measured in
triplicate by trained anthropometrists

e BMI z-score calculated using CDC
growth charts

BMI z-score change from 5y — 6y, per
change in kcal/d from 3y — 5y, B (SE),
Linear mixed model:

Data NR, P>0.10

WC change from 5y — 6y, per change in
kcal/d from 3y — 5y, B (SE), Linear mixed
model:

Outliers excluded

-0.01 (0.004), P=0.04

Outliers included

-0.01, P=0.055

TEIl adjusted: Yes

Confounders accounted for:

e Key confounders: age, race/ethnicity,
anthropometry at baseline

e  Other factors considered: total energy
intake

Confounders NOT accounted for:

e Key confounders: sex, SES, physical
activity, smoking

e Other factors considered: total energy
intake, timing, temporal use, sugar,
protein, fiber, energy density,
medications, supplements, alcohol

Additional model adjustments: N/A

Limitations:

e Not all key confounders accounted for

e Exposure data based on parental
weighed food records

e Baseline n NR; No information to
assess risk of bias due to missing
data

e No preregistered data analysis plan

Funding sources:

NIH; General Clinical Research Center;
Nutrition Center of the Children’s Hospital
of Philadelphia
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Laurson, 2008%7
Prospective Cohort Study, United
States

Baseline N=301, Analytic N=268
(Attrition: 10.9%); Power: NR

Recruitment: communities in Idaho,
Montana, Wyoming; details NR

Participant characteristics: rural

children

e Total energy intake: NR

e Sex (female): 46%

e Age: Mean~10.7y

e Race/ethnicity: NR

e SES:NR

e  Anthropometrics: BMI, Mean~19.0
kg/m?; Normal weight 74%

e Physical activity: total score,
Mean~85

e Smoking: NR

Summary of findings:

In boys and girls, milk intake and change
in milk intake were not significantly
associated with changes in BMI over 18-
months.

Exposure of interest: Milk intake

Comparators: Milk intake (continuous;
svg/wk)

Other exposure measures: SSB

Exposure assessment method and timing:
e Unvalidated questionnaire, how often
they consumed milk (per week);
represents usual intake
e At baseline, 18mo follow-up

Study beverage intake:

e Milk intake at baseline, Mean (SD):
Boys 10.5 (4.4), Girls 9.3 (4.6)

Outcome assessment methods/timing:

e At baseline, 18mo follow-up

e Height and weight measured using
standard procedures; details NR

e BMI calculated weight in kg divided by
height in meters squared

e Normal weight (BMI-for-age<85"%);
Non-obese (BMI-for-age<95™"%)

BMI, 18-mo change based on baseline
milk intake, Linear regression, 8 (SE):

Boys: Change per svg/wk increase:
Overall sample: 0.006 (0.027), P=0.942
Normal weight: 0.016 (0.029), P=0.881
Non-obese: 0.020 (0.027), P=0.830

Girls: Change per svg/wk increase:
Overall sample: 0.117 (0.027), P=0.213
Normal weight: 0.017 (0.025), P=0.869
Non-obese: 0.147 (0.027), P=0.131

BMI, 18-mo change based on change in
milk intake, Linear regression,  (SE):

Boys: Change per svg/wk increase:

Overall sample: 0.129 (0.26), P=0.168
Normal weight: 0.052 (0.029), P=0.671
Non-obese: 0.076 (0.025), P=0.454

Girls: Change per svg/wk increase:
Overall sample: 0.071 (0.031), P=0.500
Normal weight: 0.166 (0.032), P=0.180
Non-obese: 0.135 (0.033), P=0.234

TEI adjusted: No

Confounders accounted for:

e Key confounders: sex, age,
race/ethnicity, anthropometry at
baseline, physical activity

e  Other factors considered: none

Confounders NOT accounted for:

e Key confounders: SES, smoking

e  Other factors considered: total energy
intake, timing, temporal use, sugar,
protein, fiber, energy density,
medications, supplements, alcohol

Additional model adjustments:
State of residence

Limitations:

e Not all key confounders accounted for

e  Exposure not clearly defined; tool not
validated

e No preregistered data analysis plan

Funding sources:
USDA
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Lin, 2012%°

Prospective Cohort Study, “Children
of 1997” Birth Cohort, Hong Kong

Baseline N=5968, Analytic N=3622
(Attrition: 39.3%); Power: NR

Recruitment: first postnatal visit

Participant characteristics: Chinese

adolescents

e Total energy intake: NR

e Sex (female): 51.4%

o Age:lly

o Race/ethnicity: Mother’s birthplace:
Mainland China or elsewhere 37%,
Hong Kong 63%

e SES: Highest parental education:
<Grade 9 28%, Grade 10-11 43%,
>Grade 12 29%

e Anthropometrics: BMIZ, Mean~0.24

e Physical activity: <1 hr/d 71%, =1
hr/d 29%

e Smoking: NR

Summary of findings:

In Chinese adolescents, milk intake at
age 11 was not significantly associated
with changes in BMIZ at age 13.

Exposure of interest: Milk intake (cow’s
milk/milk powder)

Comparator: Milk intake (categorical;
times/wk):

e None (ref)
e 13

e 46

e Daily

Other exposure measures: none

Exposure assessment method and timing:

e Validated FFQ; represents usual
intake

e At baseline (age 11y)

Study beverage intake:

e Milk intake (times/wk): None 34%, 1-3
34%, 4-6 10%, Daily 22%

Outcome assessment methods/timing:

e At baseline, 1.5y follow-up (range: 12-
13.6y)

e  Weight and height measured through
annual check-ups from Dept of Health-
Student Health Services using
undisclosed methods

e Age- and sex-specific BMI z-scores
(BMIZ) calculated based on 2007
WHO growth standard

BMIZ, mean difference in BMIZ at 13y per
milk intake at 11y; Linear regression, 3
(95% ClI)

With multiple imputation

None (ref, n=2067)

1-3 times/wk (n=2110): 0.003 (-0.04, 0.05)
4-6 times/wk (n=555): -0.01 (-0.08, 0.06)
Daily (n=1236): -0.01 (-0.07, 0.05)

P for trend=0.655

Available case analysis (no imputation)
None (ref, n=1003)

1-3 times (n=997): -0.02 (-0.07, 0.04)

4-6 times (n=282): -0.05 (-0.14, 0.03)
Daily (n=615): -0.05 (-0.12, 0.03)

P for trend=0.128

TEI adjusted: No

Confounders accounted for:

¢ Key confounders: sex, age,
race/ethnicity, SES, anthropometry at
baseline, physical activity

e Other factors considered: none

Confounders NOT accounted for:

e Key confounders: smoking
Other factors considered: total energy
intake, timing, temporal use, sugar,
protein, fiber, energy density,
medications, supplements, alcohol

Additional model adjustments:
Vegetable, fruit, and soft drink
consumption, birth order, maternal age,
maternal birthplace, birth weight,
breastfeeding, pubertal stage, other food
consumption (fish, seafood, meat, soy
milk, tea, water, etc.)

Limitations:

e Not all key confounders accounted for

e FFQ measured frequency of intake
(times/wk), did not assess
portions/amounts

e No preregistered data analysis plan

Funding sources:

Government of Hong Kong; Government
of the Hong Kong SAR; University of
Hong Kong
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Marabujo, 2018

Prospective Cohort Study,
Epidemiological Health Investigation
of Teenagers (EPITeen), Portugal
Baseline N=2159, Analytic N=941
(Attrition: 56.4%); Power: NR

Recruitment: public and private schools

Participant characteristics:

adolescents

e Total energy intake: Mean ~2438
kcal/d

e Sex (female): 53%

e Age: 13y

e Race/ethnicity: NR

e SES: Parents maximum education
level: 1-4" grade 10%, 5-6" grade
9%, 7-9™ grade 17%, 10-11™ grade
13%, 121" grade 19%, College 33%

e  Anthropometrics:
Underweight/normal weight 76%,
Overweight 15%, Obese 9%

e Physical activity: Extracurricular
activity 220 min duration: Never
17%, <1/wk 10%, 1/wk 12%, 2-3/wk
35%, 4-6/wk 12%, Almost daily 15%

e Smoking: NR

Summary of findings:

In adolescent girls, after adjustment for
confounders, there was no association
between milk intake at age 13 and BMI
at age 21.

Exposure of interest: Milk intake (sum of
skim, semi-skimmed, and full fat milks)

Comparators:
e Milk intake (continuous; 100 g/d)
e Milk intake (categorical; cups/d):

. <1
e 23
° >3

Other exposure measures: none

Exposure assessment method and timing:

e Validated FFQ; represents usual
dietary intake in previous 12 months

e At baseline (age 13), 8y follow-up (age
21)

Study beverage intake:
e Milk intake at baseline: Mean~406 g/d

e  Frequency of milk intake at baseline
(cups/d): £1: 56%; 2-3: 36%; >3: 8%

Outcome assessment methods/timing:

e At baseline (age 13), 8y follow-up (age
21)

e Height measured by trained health
professionals using stadiometer

¢ Weight measured by trained health
professionals using digital scale

e BMI calculated as weight in kg divided
by height in meters squared

BMI, association between milk intake at
age 13 and BMI at age 21 (change per
100 g/d increase); Linear regression, 3
(95% CI)

TEI unadj: -0.021 (-0.107, 0.066)

TEI adj: -0.018 (-0.106, 0.069)

BMI at 21y per milk intake at 13y,
ANOVA, Mean (SD)

Full sample:

<1 cup/d (n=527): 23.0 (4.0)
2-3 cups/d (n=342): 22.6 (3.3)
>3 cups/d (n=72): 23.8 (4.4)
P=0.05

Girls (n=501):

<1 cup/d: 22.6 (3.9)

2-3 cups/d: 22.1 (3.3)

>3 cups/d: 24.5 (5.2)
P=0.002

Boys (n=440):

<1 cup/d: 23.5 (4.0)

2-3 cups/d: 23.2 (3.2)

>3 cups/d: 23.0 (3.1)

P=0.572

TEI adjusted: Yes and No

Confounders accounted for:

¢ Key confounders: sex, age, SES,
physical activity, smoking

e  Other factors considered: total energy
intake, supplements, alcohol

Confounders NOT accounted for:

e Key confounders: race/ethnicity,
anthropometry at baseline, smoking

e  Other factors considered: timing,
temporal use, sugar, protein, fiber,
energy density, medications

Additional model adjustments:
Follow-up period, total calcium intake at
follow-up, self-reported diabetes, asthma
and eating disorders

Limitations:

e Not all key confounders accounted for

e  Attrition 56% without information on
non-completers

e No preregistered data analysis plan

Funding sources:

FEDER; Foundation for Science and
Technology-FCT; Unidade de
Investiga¢éo em Epidemiologia (EPIUniIt)
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Marshall, 20182

Prospective Cohort Study, lowa
Fluoride and lowa Bone Development
Studies, United States

Baseline N=717, Analytic N=571
(Attrition: 20.4%); Power: NR

Recruitment: at birth

Participant characteristics: children

e Total energy intake: at 2-4.7y,
Median~1360 kcal/d

e Sex (female): 51%

e Age: Range=2-4.7y

e Race/ethnicity: Non-Hispanic white:
94%

e SES: Mother had 4y college degree:

45%, Household annual income
2$60,000: 19%

e Anthropometrics: Weight,
Mean~20.0 kg; Height, Mean~111.4
cm

e Physical activity: NR

e Smoking: NR

Summary of findings:

In children, when controlling for energy
intake, milk intake was significantly
associated with increased height.

Exposure of interest: Milk intake (all
forms of cow’s milk, including chocolate,
low-fat, whole)

Comparator: Milk intake (continuous; 8
oz/d)

Other exposure measures: juice, SSB,
water/other sugar-free beverages

Exposure assessment method and timing:

e Validated beverage frequency
questionnaire; represents previous
week’s beverage intakes

e At 3-to 6-mo intervals: 2-4.7, 5-8.5, 9-
10.5,11-12.5, 13-14.5, and 15-17y

Study beverage intake:

e Milk intake at 2-4.7y: Median=10.9
oz/d

Outcome assessment methods/timing:

e Atagesb, 9,11, 13, 15, 17y

e Height measured without shoes using
stadiometer during clinic visits

Height, cm, Change per 8 oz/d
increase; Linear regression:

B: 0.39, 95% CI: 0.18, 0.60, P<0.001

TEIl adjusted: Yes

Confounders accounted for:

e Key confounders: sex, age, SES,
anthropometry at baseline

e  Other factors considered: total energy
intake, protein

Confounders NOT accounted for:

e Key confounders: race/ethnicity,
physical activity, smoking

e  Other factors considered: timing,
temporal use, sugar, fiber, energy
density, medications, supplements,
alcohol

Additional model adjustments: N/A

Limitations:

e Not all key confounders accounted for

¢ No information on missing data

e Registry does not contain data
analysis plan

e Racial/ethnic minorities under-
represented in study sample

Funding sources:
NIH; The Roy J. Carver Charitable Trust;
Delta Dental of lowa Foundation
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Marshall, 20194

Prospective Cohort Study, lowa
Fluoride and lowa Bone Development
Studies, United States

Baseline N=720, Analytic N=623
(Attrition: 13.5%); Power: NR

Recruitment: at birth

Participant characteristics: children

e Total energy intake: at 2-4.7y,
Median~1360 kcal/d

e Sex (female): 51%

e Age: Range=2-4.7y

e Race/ethnicity: Non-Hispanic white
94%

e SES: Mother had 4y college degree
45%; Household annual income
2$60,000 19%; Low 25%, Middle
38%, High 38%

e  Anthropometrics: BMI, Mean~16.0
kg/m?; BMIZ, Mean~0.31

e Physical activity: NR

e Smoking: NR

Summary of findings:

In children, when controlling for energy
intake, milk intake was not significantly
associated with changes in BMIZ.

Exposure of interest: Milk intake (all
forms of cow’s milk, including chocolate,
low-fat, whole)

Comparator: Milk intake (continuous; 8
oz/d)

Other exposure measures: juice, SSB,
water/other sugar-free beverages

Exposure assessment method and timing:

e Validated beverage frequency
questionnaire; represents previous
week’s beverage intakes

e At 3-to 6-mo intervals: 2-4.7, 5-8.5, 9-

10.5,11-12.5, 13-14.5, and 15-17y

Study beverage intake:

e Milk intake at 2-4.7y: Median=10.9
oz/d

Outcome assessment methods/timing:

e Atages5b, 9,11, 13, 15, 17y

e Height measured without shoes using
stadiometer during clinic visits

e  Weight was measured at clinic visit
using a standard physician’s scale

e BMis were calculated from weight and

height measures (kg/m?)

e Age- and sex-specific BMI z-scores
(BMIZ) calculated 2000 CDC growth
charts

BMIZ, Change per 8 0z/d increase in
milk, Linear regression:

B: 0.022, 95% CI: -0.007, 0.052, P=0.13

TEIl adjusted: Yes

Confounders accounted for:

e Key confounders: sex, age, SES

e  Other factors considered: total energy
intake, protein

Confounders NOT accounted for:

e Key confounders: race/ethnicity,
anthropometry at baseline, physical
activity, smoking

e  Other factors considered: timing,
temporal use, sugar, fiber, energy
density, medications, supplements,
alcohol

Additional model adjustments:
Other beverage intake

Limitations:

e Not all key confounders accounted for

¢ No information on missing data

e Registry does not contain data
analysis plan

e Racial/ethnic minorities under-
represented in study sample

Funding sources:
NIH; The Roy J. Carver Charitable Trust;
Delta Dental of lowa Foundation
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Newby, 20044
Prospective Cohort Study, United
States

Baseline N=1450, Analytic N=1345
(Attrition: 7%); Power: NR

Recruitment: WIC clinic, North Dakota

Participant characteristics: low-

income preschool children

e Total energy intake: Mean~1747
kcal/d

e Sex (female): 49.8%

e Age, Mean (SD): 2.9 (0.7) y

e Race/ethnicity: White 83%, Native
American 11%, Other 6%

e SES: Maternal education,

Mean~12.6y; Poverty level: <100%:
55%; 100-133%: 22%; >133-185%:

23%

e Anthropometrics: BMI, Mean~16.6
kg/m?; At risk of overweight 14%,
Overweight 6%

e Physical activity: NR

e Smoking: NR

Summary of findings:

In low-income preschool children, when
controlling for energy intake or not, milk
intake was not significantly associated
with changes in weight or BMI

Exposure of interest: Milk intake (all types
together since majority of children
consumed 2% or whole milk)

Comparators:
e Milk intake (continuous; oz/d)
e Milk intake (categorical; 0z/d)
o <24 (ref)
° 224

Other exposure measures: fruit juice, fruit
drinks, soda, diet soda

Exposure assessment method and timing:

e Validated FFQ; represents dietary
intake during previous month

e At baseline, follow-up 6-12mo later
(mean 8.4mo)

Study beverage intake:

e Milk intake at baseline: Mean~19.9
oz/d; 224 oz/d: 33%

Outcome assessment methods/timing:

e At baseline, follow-up 6-12mo later

e Height measured by trained staff using
wall-mounted measuring board

e Weight measured by trained staff
using standard floor-model beam scale

e Age- and sex-specific BMI calculated
based on 2000 CDC growth charts

e Atrisk of overweight (BMI 85" to
<95M%); Overweight (BMI295"%0)

Weight, Linear regression

Change per oz/d increase, B (SE):
TEI adj: 0.00 (0.01), P=0.84

<24 oz/d (ref) vs. 224 oz/d:

P=NS, Data NR

BMI, Linear regression

Change per oz/d increase, B (SE):
TEI adj: -0.00 (0.00), P=0.96

<24 oz/d (ref) vs. 224 oz/d:

P=NS, Data NR

Estimates remained similar when TEI was
omitted from model. (Data NR)

TEI adjusted: Yes and No

Confounders accounted for:

¢ Key confounders: sex, age,
race/ethnicity, SES, anthropometry at
baseline

e  Other factors considered: total energy
intake

Confounders NOT accounted for:

e Key confounders: physical activity,
smoking

e  Other factors considered: timing,
temporal use, sugar, protein, fiber,
energy density, medications,
supplements, alcohol

Additional model adjustments:
Birth weight, other beverages

Limitations:

e Not all key confounders accounted for

e Potential selection bias by only
including participants with 2 WIC
clinic visits 6-12 months apart

e No preregistered data analysis plan

e Racial/ethnic minorities under-
represented in study sample

Funding sources:

USDA; NIH Health Harvard Education
Program in Cancer Prevention Control;
Boston Obesity Nutrition Research Center
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Prospective Cohort Study, Avon
Longitudinal Study of Parents and
Children (ALSPAC), United Kingdom
Baseline N=14,536 (recruited), Analytic
N=2245 (Attrition: 85%); Power: 3>80%
to detect associations between milk
intakes and BF% of 0.003 at age 11y
and 0.003 at age 13y, a=0.05

Recruitment: pregnant women through
media campaign and routine maternity
visit

Participant characteristics: children

e Total energy intake: NR

e Sex (female): 55%

e Age,y, Mean (SD): 10.6 (0.22)

e Race/ethnicity: “limited variability in
race/ethnicity”

e SES: Mother’s educational
attainment: CSE/vocational 16%,
Ordinary level 36%, Advanced
level/degree 48%

e Anthropometrics: Body weight,
Mean~37.5 kg; Height, Mean~144
cm; Body fat, Mean~25.5%

e  Physical activity: Mean~588
counts/min

e Smoking: NR

Summary of findings:

In children, when controlling for total
energy intake, total milk intake was
significantly associated with decreased
BF% at 1y follow-up, but not at 3y follow-
up. When energy intake was not
controlled for, this association was not
significant. There was no significant
association between BF% and plain milk,
full-fat milk, or reduced-fat milk at 1y or
3y follow-up.

Exposure of interest: Milk intake (full-fat,
reduced-fat, nonfat, flavored cow’s milk);

1 svg = 8-0z of milk (244 g regular milk and
250 g flavored milk)

Comparators: Milk intake (continuous;
svg/d)

Other exposure measures: none

Exposure assessment method and timing:

e  3-d dietary record completed by child
with parental assistance as needed,;
represents dietary intake on both
weekdays and weekend

e Plausible dietary reporters based on
previously published age- and sex-
specific cutoffs

e At baseline (age 10y), 3y follow-up
(age 13y)

Study beverage intake:

e Total milk intake (svg/d), Mean (SD):
Boys 1.04 (0.78), Girls 0.79 (0.67)

e  Full-fat milk intake (svg/d), Mean (SD):
Boys 0.36 (0.67), Girls 0.26 (0.52)

¢ Reduced-fat milk intake (svg/d), Mean
(SD): Boys 0.65 (0.75), Girls 0.50
(0.63)

Outcome assessment methods/timing:

e Atly(age 11ly) and 3y follow-up (age
13y)

e Body fat percentage (BF%)
determined using DEXA

e Height measured using stadiometer

e  Weight measured using scale

e BMI calculated

BF%, B (95% CIl), Linear regression

Total Milk (plain milk and flavored milk)
Change at 1y f/u (age 11):

Per 100 g milk consumed:

TEI adj: -0.14 (-0.26, -0.01), P=0.03

TEI unadj: 0.01 (-0.18, 0.20), P=0.89;
plausible reporters (n=907): -0.16 (-0.37.
0.06), P=0.16

Per milk svg/d:

TEIl adj: -0.34 (-0.64, -0.03), P=0.03

TEIl unadj: 0.03 (-0.44, 0.50), P=0.89;
plausible reporters (n=907): -0.38 (-0.91,
0.15), P=0.16

Change at 3y f/u (age 13):

Per 100 g milk consumed:

TEIl adj: -0.06 (-0.21, 0.09), P=0.45

TEIl unadj: 0.03 (-0.22, 0.27), P=0.83;
plausible reporters (n=876): -0.20 (-0.43,
0.03), P=0.10

Per milk svg/d:

TEIl adj: -0.15 (-0.52, 0.23), P=0.45

TEI unadj: 0.06 (-0.53, 0.65), P=0.83;
plausible reporters (n=876): -0.49 (-1.06,
0.09), P=0.10

Plain Milk (full-fat, reduced-fat, nonfat)
“Associations between plain milk intake
and BF% for all models were similar to
those observed with total milk intake (Data
NR)”

Full-fat Milk

Change at 1y f/u per 100 g milk
consumed:

TEIl adj: -0.10 (-0.24, 0.05), P=0.19

TEIl unadj: -0.03 (-0.18, 0.12), P=0.70;
plausible reporters (n=907): -0.04 (-0.32,
0.24), P=0.80

Change at 1y f/u per milk svg/d:

TEIl adj: -0.24 (-0.60, 0.12), P=0.19

TEI unadj: -0.07 (-0.44, 0.29), P=0.70;
plausible reporters (n=907): -0.09 (-0.77,
0.59), P=0.80

Change at 3y f/u per 100 g milk
consumed:

TEI adj: -0.10 (0.28, 0.08), P=0.28

TEI adjusted: Yes and No

Confounders accounted for:

e Key confounders: sex, age, SES,
anthropometry at baseline, physical
activity

e  Other factors considered: total energy
intake

Confounders NOT accounted for:

e Key confounders: race/ethnicity,
smoking

e  Other factors considered: timing,
temporal use, sugar, protein, fiber,
energy density, medications,
supplements, alcohol

Additional model adjustments: Pubertal
status, maternal BMI, dietary intake (total
fat, ready-to-eat breakfast cereal, 100%
fruit juice, SSB, calcium intake)

Limitations:

e Not all key confounders accounted for

e Baseline n not clear

e Did not report all outcomes assessed
(height, weight, BMI)

e No preregistered data analysis plan

Funding sources:

American Diabetes Association; UK
Medical Research Council; Wellcome
Trust; University of Bristol; NHLBI;
Arthritic Association
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Total Energy Intake, Confounders,

TEI unadj: -0.06 (-0.24, 0.13), P=0.56;
plausible reporters (n=876): -0.21 (-0.48,
0.07), P=0.14

Change at 3y f/u per milk svg/d:

TEI adj: -0.24 (-0.69, 0.20), P=0.28

TEI unadj: -0.14 (-0.59, 0.32), P=0.56;
plausible reporters (n=876):-0.50 (-1.17,
0.17), P=0.14

Reduced-fat Milk

Change at 1y f/u per 100 g milk
consumed:

TEI adj: -0.05 (-0.17, 0.08), P=0.47

TEIl unadj: 0.07 (-0.08, 0.22), P=0.36;
plausible reporters (n=907): -0.09 (-0.30,
0.13), P=0.44

Change at 1y f/u per milk svg/d:

TEl adj: -0.11 (-0.41, 0.19), P=0.47

TEl unadj: 0.17 (-0.19, 0.54), P=0.36;
plausible reporters (n=907): -0.21 (-0.73,
0.32), P=0.44

Change at 3y f/u per 100 g milk
consumed:

TEIl adj: 0.03 (-0.13, 0.18), P=0.74

TEI unadj: 0.09 (-0.10, 0.28), P=0.34;
plausible reporters (n=876): -0.03 (-0.27,
0.20), P=0.78

Change at 3y f/u per milk svg/d:

TEIl adj: 0.06 (-0.32, 0.44), P=0.74

TEI unadj: 0.22 (-0.24, 0.68), P=0.34;
plausible reporters (n=876): -0.08 (-0.66,
0.50), P=0.78

Skim Milk

Was not examined separately since it was
consumed by a small number of children
(n=200 at age 10y)
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Prospective Cohort Study, Avon
Longitudinal Study of Parents and
Children (ALSPAC), United Kingdom
Baseline N=5533, Analytic N=2270
(Attrition: 59.0%); Power: NR

Recruitment: pregnant women through
media campaign and routine maternity
visit

Participant characteristics: normal

and overweight children

e Total energy intake: Mean~1932
kcal/d

e Sex (female): 55%

e Age: Mean~10.6y

e Race/ethnicity: “limited variability”

e SES: Maternal education:
CSE/vocational 16%, Ordinary level
36%, Advanced level/degree 48%

e  Anthropometrics: BMI:
Overweight/Obese 21%; Body fat,
Mean~25.5%

e Physical activity: Mean~588
counts/min

e Smoking: NR

Summary of findings:

In overweight/obese children, consuming
flavored milk at age 10 was significantly
associated with smaller reductions in
body fat and greater weight gain at age
13 compared with non-consumers. For
normal weight children, there was no
significant association between flavored
milk intake at age 10 and body fat or
weight at age 13 compared to children
who did not drink flavored milk.

Exposure of interest: Flavored milk intake
(250 g =1 svQg)

Comparators: No flavored milk intake

Other exposure measures: none

Exposure assessment method and timing:

e 3-d dietary record completed by child
with parental assistance as needed;
represents dietary intake on both
weekdays and weekend

e Plausible dietary reporters based on
previously published age- and sex-
specific cutoffs

e At baseline (age 10y), 3y follow-up

(age 13y)

Study beverage intake:

e Flavored milk: Consumers, n=380
(16.7%), Non-consumers, n= 1890
(83.3%)

e Frequency of flavored milk intake: 1
svg/d= 50 children (2.2%), >1.5 svg/d:
11 children (0.5%)

e Flavored milk intake (g/d) of
consumers, mean (SE): 142 (102)

Outcome assessment methods/timing:

e Atbaseline (age 10y), 1y (age 11y),
and 3y follow-up (age 13y)

e Body fat determined using DEXA
Height measured using stadiometer

e Weight measured using scale

e BMI percentiles calculated from 2000
CDC growth charts;

e Normal weight (BMI 51 to <85M9),
Overweight/obese (BMI=851%)

Body Fat, Mean (95% ClI), Linear
regression

Normal weight (n=1715)

Flavored milk consumers vs Non-
consumers: -0.70 (-1.57, 0.17) vs -0.98 (-
1.71, -0.25), P=0.36 (TEI unadj)

TEI adj: P=NS, Data NR

Normal weight, plausible reporters
(n=708)

Flavored milk consumers vs Non-
consumers: -1.35 (-2.77, 0.07) vs -1.33 (-
2.54, -0.12), P=0.96 (TEI unadj)

TEI adj: P=NS, Data NR
Overweight/obese (n=449)

Flavored milk consumers vs Non-
consumers: -0.79 (-2.46, 0.88) vs -2.19 (-
3.60, -0.78), P=0.02 (TEI unadj)

TEl adj: P <0.05, Data NR
Overweight/obese, plausible (n=138)
Flavored milk consumers vs Non-
consumers: -0.16 (-3.84, 3.52) vs -3.43 (-
6.45, -0.42), P=0.02 (TEI unad))

TEI adj: P<0.05, Data NR

Weight, Mean (95% ClI), Linear regres.

Normal weight (n=1715)

Flavored milk consumers vs Non-
consumers: 11.3 (10.7, 12.0) vs 11.1
(10.6, 11.6), P=0.35 (TEI unadj)

TEI adj: P=NS, Data NR

Normal weight, plausible reporters
(n=708)

Flavored milk consumers vs Non-
consumers: 11.1 (10.0, 12.1) vs 11.1
(10.3, 12.0), P=0.83 (TEI unadj)

TEI adj: P=NS, Data NR
Overweight/obese (n=449)
Flavored milk consumers vs Non-
consumers: 12.6 (10.7, 14.4) vs 11.7
(10.1, 13.2), P=0.18 (TEI unad)

TEI adj: P=NS, Data NR
Overweight/obese, plausible (n=138)
Flavored milk consumers vs Non-
consumers: 14.5 (11.1, 18.0) vs 11.6 (8.8,
14.4), P=0.02 (TEI unad))

TEI adj: P<0.05, Data NR

TEI adjusted: Yes and No

Confounders accounted for:

e Key confounders: sex, age, SES,
anthropometry at baseline, physical
activity

e  Other factors considered: total energy
intake, fiber

Confounders NOT accounted for:

e Key confounders: race/ethnicity,
smoking

e  Other factors considered: timing,
temporal use, sugar, protein, energy
density, medications, supplements,
alcohol

Additional model adjustments: Pubertal
status, maternal BMI, dietary intake (total
fat, ready-to-eat cereal, fruit, vegetables,
100% fruit juice, SSB, plain milk), calcium,
dieting at age 13

Limitations:

e Not all key confounders accounted for
¢ No information on missing data

e No preregistered data analysis plan

Funding sources:

American Diabetes Association; UK
Medical Research Council; Wellcome
Trust; University of Bristol; NHLBI
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Scharf, 2013%

Prospective Cohort Study, Early
Childhood Longitudinal Survey Birth
Cohort, United States

Baseline N=10,700, Analytic N=8,100
(Attrition: 24.3%); Power: NR

Recruitment: random sampling birth
certificates

Participant characteristics: preschool-

aged children

e Total energy intake: NR

e Sex (female): 49%

o Age: 2y

e Race/ethnicity: White 43.1%, Black
15.0%, Hispanic 20.5%, Asian
10.2%, Other 11.2%

e SES: High 16.2%, Medium high
17.6%, Medium 18.1%, Medium low
18.3%, Low 21.3%

e Anthropometrics: Normal weight
69.9%, Overweight 15.0%, Obese
15.1%

e  Physical activity: NR

e Smoking: NR

Summary of findings:

In preschool-aged children, compared to
2%/whole milk intake, skim milk intake at
age 2y was significantly associated with
increased odds of overweight and
obesity at age 4.

Exposure of interest: Milk intake (whole,
2%, 1%, skim)

Comparator: Milk intake (categorical;
skim/1% vs 2%/whole)

Other exposure measures: none

Exposure assessment method and timing:
e Interview with primary caregiver in the
home regarding intake; represents

usual weekly intake
e Baseline, 2y follow-up

Study beverage intake:

e Whole or 2% milk: 86% drank at
baseline

e 1% milk: 8.5% drank at baseline

e  Skim milk: 2.1% drank at baseline

e Milk intake at 2y follow up (svg/d):
<2 28.5%, 2 30.8%, >2 40.8%

Outcome assessment methods/timing:

e Baseline, 2y follow-up

e Height measured twice by trained
researchers using stadiometer

e  Weight measured twice by trained
researchers using digital scale

e BMIl calculated as weight in
kilograms divided by height in meters
squared

e Age- and gender-specific z-scores
(BMIZ) calculated using CDC growth
charts

e  Weight categories: normal weight
<85M%, overweight >85-95"%, obese
>95t0p)

Overweight at age 4y, Logistic
regression, OR (95% CI)

2%/whole at age 2y (ref)

1%/skim at age 2y: 1.63 (1.23, 1.86),
P<0.0001

Obese at age 4y, Logistic regression
2%/whole at age 2y (ref)

1%/skim at age 2y: 1.65 (1.31, 2.06),
P<0.0001

Change in BMIZ age 2y-4y, Linear
regression

2%/whole at age 2y & 4y (n=4900)
1%/skim at age 2y & 4y (n=250)
P=0.6

Change in raw BMI age 2y-4y, Linear
regression

2%/whole at age 2y & 4y (n=4900)
1%/skim at age 2y & 4y (n=250)
P=NS, data not shown

Becoming Overweight/Obese at age 4y,
Logistic regression

2%/whole at age 2y & 4y (ref, n=4900):
1%/skim at age 2y & 4y (n=250)

1.57 (1.03, 2.42), P=0.04

TEI adjusted: No

Confounders accounted for:

Key confounders: sex, age,
race/ethnicity, SES, anthropometry at
baseline

Other factors considered: none

Confounders NOT accounted for:

Key confounders: physical activity,
smoking

Other factors considered: total energy
intake, timing, temporal use, sugar,
protein, fiber, energy density,
medications, supplements, alcohol

Additional model adjustments:
Juice and SSB intake, number of daily
glasses of milk, maternal BMI

Limitations:

Not all key confounders accounted for
Serious risk of bias in classification of
exposures

Funding sources:

NIH
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Striegel-Moore, 2006°5*

Prospective Cohort Study, NHLBI
Growth and Health Study, United
States

Baseline N=2379, Analytic N=2371
(Attrition: 0.3%); Power: n=1150 per
group at 90% power to detect compare
change in subscapular skinfold between
Black and White girls

Recruitment: public and parochial
schools, local health maintenance
organization and Girl Scout troops

Participant characteristics:

adolescent girls

e Total energy intake: NR

e Sex (female): 100%

